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ALPHA AJVHNO ACID DERIVATIVES-- INHIBITORS OF 
LEUKOCYTE ADHESION MEDIATED BY VLA-4 



BACKGROUND OF THE INVENTION 

Field of the Invention 

10 This invention relates to certain alpha amino acid derivatives which 

inhibit leukocyte adhesion and, in particular, leukocyte adhesion mediated by 
VLA-4. 
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each individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 

State olihe_Arj 

VLA-4 (also referred to as a 4 p\ mtegrin and CD49d,'CD29>, first 
identified by Hemler and Takada 1 is a member of the pi mtegrin family of 
cell surface receptors, each of which comprises two subunits, an a chain and 
a (3 chain. VLA-4 contains an «4 chain and a fH chain. There are at least 
nine pT integrals, ait sharing die same pi chain and each having a distinct a 
chain. These nine receptors all hind a different complement of die various 
cell matrix molecules, such as fibronectin, laminin, and collagen. VLA-4, 
for example, binds to fibronectin. VLA-4 also hinds non-matrix molecules 
that are expressed by endothelial and other cells. These non-matrix 
molecules include VCAM-1, which is expressed on eytokine-activated 
human umbilical vein endothelial cells in culture. Distinct epitopes of VLA- 
4 are responsible for the fibronectin and VCAM-1 binding activities and each 
activity has been shown to be inhibited independently. 2 

Intercellular adhesion mediated by VLA-4 and other cell surface 
receptors is associated with a number of inflammatory responses. At me site 
of an injury or other inflammatory stimulus, activated vascular endothelial 
ceils express molecules that are adhesive for leukocytes. The mechanics of 
leukocyte adhesion to endothelial cells involves, in part, the recognition and 
binding of cell surface receptors on leukocytes to the corresponding cell 
surface molecules on endothelial cells. Once bound, the leukocytes migrate 
across the blood vessel wall to enter the injured site and release chemical 
mediators to combat infection. For reviews of adhesion receptors of the 
immune system, see, for example, Springer 3 and Osbora 4 . 
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5 Inflammatory brain disorders, such as experimental autoimmune 

encephalomyelitis (BAE), multiple sclerosis (MS) and meningitis, are 
examples of central nervous system disorders in which die 
endomeiium/ieukocyte adhesion mechanism results in destruction to 
otherwise healthy brain tissue. Large numbers of leukocytes migrate across 
10 the blood brain barrier (BBB) ' m subjects with these inflammatory diseases. 

The leukocytes release toxic mediators that cause extensive tissue damage 
resulting in impaired nerve conduction and paralysis. 

In other organ systems, tissue damage also occurs via an adhesion 
is mechanism resulting in migration or activation of leukocytes. For example, 

it has been shown that die initial insult following myocardial ischemia to 
heart tissue can be further complicated by leukocyte entry to the injured 
tissue causing still further insult (Voider et ah 5 ). Other inflammatory or 
medical conditions mediated by an adhesion mechanism include, by way of 
20 example, asthma 5 ' 8 , Alzheimer's disease, atherosclerosis*" 1 ' 5 , AIDS 

dementia", diabetes 12 ''* (including acute juvenile onset diabetes), 
inflammatory bowel disease 35 (including ulcerative colitis arid Crohn's 
disease), multiple sclerosis 16 ' 1 ', rheumatoid arthritis iS2 \ tissue 
transplantation 22 , tumor metastasis 7 '" 38 , meningitis, encephalitis, stroke, and 
25 other cerebral traumas, nephritis, retinitis, atopic dermatitis, psoriasis, 

myocardial ischemia and acute leukocyte-mediated lung injury such as thai 
which occurs in adult respiratory distress syndrome. 

In view of die above, assays for determining die VLA-4 level in a 
30 biological sample containing VLA-4 wotdd be useful, for example, to 

diagnosis VLA-4 mediated conditions. Additionally, despite these advances 
in the understanding of leukocyte adhesion, the art has only recently 
addressed the use of Inhibitors of adhesion in the treatment of mflammatory 
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5 brain diseases and other inflammatory conditions 29 - 30 . The present invention 

addresses these and other needs, 

SUMMARY OF THE INVENTION 

This invention provides compounds which hind to VLA-4. Such 
10 compounds can be used, for example, to assay for the presence of VLA-4 in 

a sample and in pharmaceutical compositions to inhibit cellular adhesion 
mediated by VLA-4, for example, binding of VCAM-1 to VLA-4. The 
compounds of this invention have a binding affinity to VLA-4 as expressed 
by an IC K1 of about 15 ptM or less (as measured using the procedures 
IS described in Example A below). 

Accordingly, in one of its composition aspects, this invention is 
directed to a compound of Formula (la) or (lb): 




20 



(la) (lb) 

wherein; 

Ar 5 is an aryl, heteroaryL, cycloaifcyl, or heterocyclic group wherein 
said aryl, heteroaryL cycloalkyl, or heterocyclic group is optionally 
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substituted, on any ring atom capable of substitution, with 1-3 substituents 
selected from the group consisting of alkyl, sttbstituted alkyl, aikoxy, 
substituted aikoxy, acyl, acylamino, tMocarbonylanrko, acyloxy, amino, 
substituted amino, amidino, alkyl amidino, thioamidino, aminoacyl, 
aminocarbonylamino, aminotMocarbonyiamino, aminocarbonyloxy, aryl, 
substituted aryl, aryloxy, substituted aryloxy, aryloxyaryl, substituted 
aryloxyaryl, cyano, halogen, hydroxyl, nitro, oxo, carboxyl, eycloaikyl, 
substituted cyeloatkyi, guanidino, guanidinosulfone, thiol, thioalkyl, 
substituted thioalkyl, thioaryl, substituted thioaryl, thiocycloalkyl, substituted 
thiocyeloalkyl, thioheieroaryi, substituted thioheteroaryi, thioheterocyclic, 
substituted thioheterocyclic, heteroaryl, substituted heteroaryl, heterocyclic, 
substituted heterocyclic, cycloaHcoxy, substituted cycloalkoxy, 
heteroaryloxy, substituted heteroaryloxy, heterocyclyioxy, substituted 
heterocyclyloxy, oxyearborrylamino, oxy&iocarbonyiamino, 
-OS(0) r alkyl, -OS(0) r substihited alkyl, -OS(0) r aryL -OS(0>,-substituted 
aryl, -OS(0) 2 -hcteroaryl, <>S(0) r substituted heteroaryl, -OS(0) r 
faeterocyclic, ~OS(0) 2 -substituted heterocyclic, -OS0 2 -NRR where each R is 
independently hydrogen or alkyl, -NRS(0) r alkyl, -NRS(0) r substituted 
alkyl, -NRS(0) r aryl, -NRS{Q) r substituted aryl, -NRS(0) r beieroaryi, 
-NRS(0) r substituted heteroaryl, -NitS(0) 2 -beterocyclic, -NRS(0) 2 - 
substituted heterocyclic, -NRS(0) 2 -NR-alkyl 5 -NRS<0} 2 -NR~sabsntoted 
alkyl, -NRS(0) 2 -NR-aryl, -NRS(0) r NR-substimted aryl, -NRS(0) 2 -NR- 
heteraaryl, -NRS(0) r NR-subsrituted heteroaryl, -NRS(0) ! ~NR-heterocyclic ! 
-NRS(0) 2 -NR-substituted heterocyclic where R is hydrogen or alkyl, 
~N[S(0) 2 -R'3 2 and -N{S(0) r NR'l, where each R' is independently selected 
from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic; 

R ! is selected from the group consisting of hydrogen, alky l, 
substituted alkyl, alkenyi, substituted alkenyl, cydoalkyl, substituted. 
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cycloalkyl, cycloalkenyl, substituted cycloalkenyL aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, Iieterocyclic and substitoted heterocyclic; 

Ar is an aryl or heteroaryl group optionally substituted, in addition 
to ring B or C, wife one or two substitoentfs) selected from the group 
consisting of hydrogen, halogen, hydroxy, alkoxy. substituted alkoxy, 
acyloxy, amino, alkylamino, substituted alkylamino, diaikylamino, 
substituted diaikylamino, acylamino, aminoacyl, N-aeyl-N-alkylamiiio, 
substituted N-acyl-N-a1kylami.no, (alkylsttifonyi)antino, substituted 
(alkyUuifonyl)airtino, N-{alkylsulfonyl)-N-alkylamii3D > substituted N- 
(alkylsulfonyl)-N-alkylamino, alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl, alkenyl, substituted alkenyl, cycloalkenyl., substituted 
cycioalkeny!, alkynyl, substituted alkynyl, eyano, acyl, substituted acyl, 
carboxy, substituted carboxy, thiol, alkyltitio, substituted alkyltitio, 
alkylsulfoxy, substituted alkylsulfoxy, alkylsulfonyl, and substituted 
alkylsulfonyl; 

Z is -0- or -S-; 

B is a group wherein W, together with -C(=Z)NR 2 -, forms a 
satorated or unsaturated heterocyclic group containing 2 to 5 carbon atoms 
and 0 to 4 additional heteroatoms selected from the group consisting of 
nitrogen, oxygen, and -SO„- (where a is 0 to 2) wherein said saturated or 
unsaturated heterocyclic group is optionally fused with one or two ring(s) 
structures selected from die group consisting of cycloalkyl, cycloalkenyl, 
heterocyclic, aryl and heteroaryl group to form a hi- or tri-rused ring system 
and further wherein said heterocyclic group arid each of such ring structures 
are optionally substituted with 1 to 3 substituents selected from the group 
consisting of with one or two substituent(s) selected from the group 
consisting of hydrogen, halogen, hydroxy, alkoxy, substituted alkoxy, 
acyloxy, substituted acyloxy, amino, alkylamino, substituted alkylamino, 
diaikylamino, substituted diaikylamino, acylamino, substituted acylamino, N- 
acyl-N-alkylammo, substituted N-acyl-N-alkylamino, alkylene dioxy, 
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(alkylsalfonyl)amino , substituted (al&yls»lfony1)amino, N~(aIkylsulfonyl)-N- 
alkylaintno, substituted N^aIkylsulfouyl)-N-aikylamiiio, alkyl, substituted 
alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, 
cycloalkenyi, substituted cycloalkenyi, aikynyl, substituted aikynyl, cyano, 
acyl, substituted acyl, carboxy, substituted carboxy, nitro, thiol, alkylthio, 
substituted alkyhhio, alkylsulfoxy, substituted alkylsulfoxy, alkylsulfonyl, 
substituted alkyisulfonyl, aiyl, substituted aryl, heteroaryl, substituted 
heteroaryl; 

R 2 is selected from die group consisting of alkyl, substituted alkyl, 
aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, 
substituted cycloalkyl, cycloalkenyi, and substituted cycloalkenyi; 

C is a group wherein W\ together with -C(~2)N-, forms a saturated 
or unsaturated heterocyclic group containing 2 to 5 carbon atoms and 0 to 4 
additional heteroatonts selected from the group consisting of nitrogen, 
oxygen, and ~SO n - (where n is 0 to 2} wherein said saturated or unsaturated 
heterocyclic group is optionally fused with one or two rmg(s) structures 
selected from the group consisting of cycloalkyl, cycloalkenyi, heterocyclic, 
aryl and heteroaryl group to form a bi- or tri-fused ring system and further 
wherein said heterocyclic group and each of such ring structures are 
optionally substituted with 1 to 3 substUuents selected from the group 
consisting of witii one or two subsdment(s) selected from die group 
consisting of hydrogen, halogen, hydroxy, alkoxy, substituted alkoxy, 
alkylenedioxy, acyloxy, substituted acyloxy, amino, alkylamino, substituted 
alkylamino, dtalkylamino, substituted dialkylamino, acykmmo, substituted 
acylamino, N-acyl-N-alkylamino, substituted N-acyl-N-alkylamko, 
(alkyisulfonyl)amino, substituted (alkylsulfonyl)aniino, N-(alkylsdfonyl)-N- 
alkylaramo, substituted N-(alkylsulfonyl)-N -alkylamino, alkyl, substituted 
alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, 
cycloalkenyi, substituted cycloalkenyi, aikynyl, substituted aikynyl, cyano, 
nitro, acyl, substituted acyl, carboxy, substituted carboxy, thiol, aikyldrio, 
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substituted alkyttbio, alkylsulfoxy, substituted alkylsulfoxy, alkylsultbnyl, 
substituted alfcylsulfonyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl; 

X is selected from the group consisting of hydroxy I, aikoxy, 
substituted aikoxy. f! 1 1 i <y eycloalkoxy, substituted 

cycloalkoxy, cycloalkenoxy, substituted cycloalkenoxy, aryloxy, substituted 
aryloxy, neteroaryloxy, substituted heteroaryloxy, heterocyclyloxy, 
substituted heterocyclyloxy and -NR"R" where each R" is independently 
selected from the group consisting of hydrogen, alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, cyeloalkyi, substituted cyeloalkyi, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and 
substituted heterocyclic; 

and enantiomers, diasteromers and pharmaceutical!}' acceptable salts 
thereof; 

and further wherein the compound of Formula I has a binding affinity 
to VLA-4 as expressed by an lC m of about 15/aM or less. 

lu a preferred embodiment, in compound (la), B is eidier: 
(a) a group wherein W, together with -C(~Z)NR 2 - where Z is -0-, 
forms an unsaturated heterocyclic group containing 3 or 4 carbon atoms and 

0 or 1 additional nitrogen atoms and further wherein the unsaturated 
heterocyclic group is optionally substituted, in addition to the R 2 group, with 

1 or 2 substituents selected from die group consisting of alkyl, aikoxy, 
substituted aikoxy, alkenyloxy, substituted alkenyloxy, halo, hydroxy, mono 
or dialkylainino. Preferably B is 2-pyridone, (e.g., 2-pyridon-3~yl s 2- 
pyridon-4-yi, etc..) or 6-pyriraidone (e.g., 6-pyrimidon-5-yl, etc,,) that is 
optionally substituted, in addition to the R 2 group, with 1 or 2 substituents 
selected from the group consisting of alkyl, aikoxy , substituted aikoxy, 
alkenyloxy, substituted alkenyloxy, halo, hydroxy, mono or dialkylammo, 
more preferably methyl, ethyl, propyl, methoxy, ethoxy, propoxy, butoxy, 
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5 allyloxy, bufenyloxy (whereto the methyl, ethyl, propyl, butyl, and allyl 

group in said methoxy, ethoxy, propoxy, butoxy, allyloxy, hutenyloxy may 
be optionally substituted with one, two or three snbstituents selected from the 
group consisting of hydroxy, alfcoxy, thiol, alkylthio, alkylsuifoxtde, 
alkylsulfone, halo, alkytamino, dialkylamino, amino, aminoacyl, preferably, 
10 hydroxy, raethoxy, ethoxy, methylthio, methytsulfane, niethylsulfone, 

fliioro, methylaraino, dimethyiami.no, amino, and acetylamiflo), chloro, 
bromo, hydroxy, methylamino, or dimethylamino, More preferably in the 
above rings R 2 is alkyl, preferably methyl; or 

(b) a group wherein W, together with -C(=Z)NR 2 - where Z is -0-, 

15 forms a saturated or unsaturated heterocyclic group containing 3 or 4 carbon 

atoms and 0 or i additional nitrogen atoms wherein said saturated or 
unsaturated heterocyclic group is fused to a heterocyclic ring selected from 
the group consisting of dioxolane, dioxaae, homodioxane, oxetane, 
tetrahydrofhian, dihydropyian, furan, oxazolidine, oxazole, isoxazole, 

20 oxazolidmone, oxathiolane, and l,3-dioxolan-2-one and wherein the 

resulting fused ring is optionally substituted, in addition to the R 1 group, on 
any ring atom capable of substitution with 1 or 2 substituents selected from 
die group consisting of alkyl, alkoxy, substituted alkoxy, alkenyloxy, 
substituted alkenyloxy, halo, hydroxy, mono or dtalityiamino. Preferably B 

25 is 2-pyridone or 6-pyrimidone that is fused to a heterocyclic ring selected 

from the group consisting of dioxolane, dioxane, horoodioxane, oxetane, 
tcfrahydrofuran, dihydropyran, furan, oxazolidine, oxazole, isoxazole, 
oxazolidinone, oxathiolane, and l,3-dioxolan-2-one, and wherein the 
resulting fused ring is optkn substituted, in i jou to the R group, on 

3 0 any ring atom capable of substitution with 1 or 2 substituents selected from 

the group consisting of alkyl, alkoxy, substituted alkoxy, alkenyloxy, 
substituted alkenyloxy, halo, hydroxy, mono or dialkylamino, more 
preferably methyl, ethyl, propyl, methoxy, ethoxy, propoxy, butoxy, 
allyloxy, butenyloxy (wherein the methyl, ethyl, propyl, butyl, and allyl 
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group in said methoxy, ethoxy, propoxy, briioxy, aliyioxy, butenyloxy may 
be optionally substituted with one, two or three substituents selected from the 
group consisting of hydroxy, alkoxy, thiol, alkylthio, alkylsulfbxide, 
alkylsutfoiie, Mo, alkylamino, dialkylamino, amino, aminoacyl, preferably, 
hydroxy, methoxy, ethoxy, methylthio, methylsnifane, methylsuiforte, 
fluoro, methylamino, dimethylamino, amino, and i I too), chloro, 
bromo, hydroxy, methylamino, or dimethylamino. More preferably in the 
above rings R 2 is alkyl, preferably methyl. 

In a preferred embodiment, in compoiuid (lb), C is either: 
(a) a group wherein W\ together with -€{=Z)N- where Z is -0-, forms 
an unsaturated heterocyclic group containing 2 to 4 carbon atoms and 0 to 2 
additional nitrogen atoms and further the wherein the unsaturated 
heterocyclic group is optionally substituted, in addition to the R 2 group, with 
1 or 2 substituents selected from the group consisting of alkyl, alkoxy, 
substituted alkoxy, alkenyloxy, substituted alkenyloxy, halo, hydroxy, mono 
or dialkylamino. Preferably C is 2-pyridon-l-yl or 6-pyrnmdon-l-yl that is 
optionally substituted, in addition to die R 2 group, with 1 or 2 substituents 
selected from the group consisting of alkyl, alkoxy, substituted alkoxy, 
alkenyloxy, substituted alkenyloxy, halo, hydroxy, mono or dialkylamino, 
more preferably methyl, ethyl, propyl, methoxy, ethoxy, propoxy, birtoxy, 
aliyioxy, butenyloxy (wherein the methyl, ethyl, propyl, butyl, and allyl 
group in said methoxy, ethoxy, propoxy, butoxy, aliyioxy, butenyloxy may 
be optionally substituted with one, two or three substituents selected from the 
group consisting of hydroxy, alkoxy, thiol, alkylthio, alkylsulfbxide, 
alkylsulfone, halo, alkylamino, dialkylamino, amino, aminoacyl, preferably, 
hydroxy, methoxy, ethoxy, methylthio, methylsnifane, methylsulfone, 
fluoro, methylamino, dimethylamino, amino, and acetylamino), chloro, 
bromo, hydroxy, mediylarniao, or dhneihylamhio. More preferably in the 
above rings R 2 is alkyl, preferably methyl; or 
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5 (h) a group wherein W\ together with -C(=Z)N- where Z is -0-, forms 

a saturated or unsaturated heterocyclic group containing 2 to 4 carbon atoms 
arid 0 to 2 additional nitrogen atoms wherein said saturated or unsaturated 
heterocyclic group is fused to a heterocyclic ring selected from the group 
consisting of dioxoiane, dioxane, homodioxane, oxetane, tetraliydrofuran, 

3.0 dihydropyran, furan, oxazolidine, oxazole, isoxazole, oxazolidujone, 

oxaihiolane, and l,3-dioxolati~2~one and wherein the resulting fused ring is 
optionally substituted, hi addition to the R 2 group, on any ring atom capable 
of substitution with 1 or 2 substituents selected from the group consisting of 
aikyi, alkoxy, substituted alkoxy, alkenyloxy, substituted alkenyloxy, halo, 

15 hydroxy, mono or dialkylainino. Preferably C is 2-pyridon-i-yl or 6- 

pyrinndon-l-yl thai is fused to a. heterocyclic ring selected from the group 
consisting of dioxoiane, dioxaae, homodioxane, oxetane, tetrahydrofuran, 
dihydropyran, furan, oxazolidine, oxazole, isoxazole, oxazoiidinone, 
oxathiolane, and l,3-dioxolan~2~one, and wherein the resulting fused ring is 

2 0 optionally substituted, m addition to die R 2 group, on any ring atom capable 

of substitution with 1 or 2 snbstituents selected from the group consisting of 
alkyt s alkoxy, substituted alkoxy, alkenyloxy, substituted alkenyloxy, halo, 
hydroxy, mono or dialkylainino, more preferably methyl, ethyl, propyl, 
methoxy, ethoxy, propoxy, butoxy, aliyloxy, hutenyloxy (wherein the 
25 methyl, ethyl, propyl, butyl, and allyl group in said methoxy, ethoxy, 

propoxy, butoxy, aliyloxy, butenyloxy may be optionally substituted with 
one, two or three substituents selected from the group consisting of hydroxy, 
alkoxy, thiol, alkylthio, alkylsulfoxide, alkylsuifone, halo, aikylamino, 
dialkylainino, annuo, aniinoacyl, preferably, hydroxy, methoxy, ethoxy, 

3 0 methylthio, mefhylsulfane, methylsulfone, fluoro, methyiamino, 

diinediylamino, amino, and acetylamino), chloro, bromo, hydroxy, 
methyiamino, or dimethylammo. More preferably in the above rings R 2 is 
aikyi, preferably methyl. 
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la another preferred embodiment, At 1 m compounds (la) and (lb) is a 
heteroaryl group optionally substituted with 1 to 3 substituents selected from 
the group consisting of alkyl, substituted alkyi, alkoxy, substituted alkoxy, 
amino, substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted 
aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic 
and halogen, preferably l-oxo4,2,5~thiadiazole, l,l-dioxo-l,2,5-thiadiazole, 
1,3,5-triazme, pyridazine, pyrrolidine or pyrazine substituted with above 
substitueuts; more preferably pyridazine, pyrrolidine or pyrazine wherein the 
pyridazine, pyrimidine or pyrazine ring is optionally substituted with 1 to 3 
substituems selected from the group consisting of alkyi, substituted alkyi, 
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryi, heteroaryl, substituted heteroaryl, 
heterocyclic, substituted heterocyclic and halogen. 

fa yet another preferred embodiment, Ar in compounds (la) and (lb) 
is phenyl. 

In the above preferred embodiments, a more preferred group of 
compounds is that wherein X is hydroxy! and R 1 is hydrogen. 

In yet another preferred embodiment, this invention is directed to 
compounds of formula Ha, lib, lie, lid, or lie: 
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R6 



lie 

wherein 

X is hydroxyl or alkoxy; 

Ar 1 is an aryl or heteroaryl group optionally substituted, in addition 
to ring B, with one or two substituent(s) selected from the group consisting 
of hydrogen, halogen, hydroxy, alkoxy, substituted alkoxy, acyloxy, 
substituted acyloxy, amino, alkykmino, substituted alkylanmto, 
dialkylamino, substituted dialkylamino, acyiamino, substituted acyiamino, N- 
acyl-M-alkylammo, substituted N-acyl-N-aikyiamino, (alkyIsu]fony1)amino, 
substituted (alkylsulfonyl)amimx N-Calkylsulfonyl^N-alkyiammo, substituted 
N-(ailc>dsulfonyiVN-alk7lammo, alkyl, substituted alkyl, eyeloalkyl, 
substituted eyeloalkyl, alkenyl, substituted alkenyl, cycioatkenyi, substituied 
cycloalkenyi, alkynyl, substituted alkynyl, cyano, acyl, substituted acyl, 
carboxy, substituted carboxy, thiol, alkylthio, substituted alkylthio, 
alkylsulfoxy, substituied alkylsulfoxy, alkylsulfonyl, and substituted 
• i tf'onyl: 

R 5 is selected from the group consisting of alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, aryl, substituted aryi, eyeloalkyl, substituted 
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5 cycloalkyl, cycloaikenyl, substitoted cycloaikenyl, heterocyclic, substituted 

heterocylfc, heteroaryl and substituted heteroaryl; 

R* is selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, cycloalkyl, substituted cycloalkyl, cycloaikenyl, substituted 
cycloaikenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl, 
10 . heteroaryl, substituted heteroaryl, and -S0 2 R S(> where R i0 is selected from the 

group consisting of alkyl, substituted alky!, cycloalkyl, substituted 
cycloalkyl, cycloaikenyl, substituted cycloaikenyl, heterocyclic, substituted 
heterocyclic, aryl, substituted aryl, heteroaryl, substitoted heteroaryl; 

R ? and R s are independently selected from the group consisting of 
15 hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, 

substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted 
heterocyclic and halogen; 

R l * and R n are independently selected from the group consisting of 
hydrogen, alkyl, substituted alkyl, aikoxy, substitoted alkoxy, amino, 
20 substituted amino, cycloalkyl, substitoted cycloalkyl, aryl, substitoted aryl, 

heteroaryl, substituted heteroaryl, heterocyclic, substitoted heterocyclic and 
halogen; and 

R ia is selected from the group consisting of alkyl, substituted alkyl, 
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted 
25 cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 

heterocyclic and substituted heterocyclic; 

R 20 is selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, alkoxy, substitoted alkoxy, cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
3 0 heterocyclic, substituted heterocyclic and halogen; 

R 2i is selected from the group consisting of alkyl, substituted alkyl, 
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted 
cycloalkyl, aryl, substitoted aryl, heterocyclic and substitoted heterocyclic; 

b m 1 or 2; and 
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B is a group wherein W, together with -C(=Z)NR*-, forms a 
saturated or unsaturated heterocyclic group containing 2 to 5 carbon atoms 
and 0 to 4 additional heteroatoms selected- from die group consisting of 
nitrogen, oxygen, and ~SO B ~ (where a is 0 to 2) wherein said saturated or 
unsaturated heterocyclic group is optionally rased with one or two ring{s) 
structures selected from the group consisting of cycloalkyl, cycloalkenyl, 
heterocyclic, aryl and heteroaryl group to form a hi- or tri-fused ring system 
and further wherein said heterocyclic group and each of such ring structures 
are optionally substituted with 1 to 3 substkuents selected from the group 
consisting of with one or two suhstituent(s) selected from the group 
consisting of hydrogen, halogen, hydroxy, alfcoxy, substituted alkoxy, 
acyloxy, substituted acyloxy, amino, alkyiaraino, substituted alkylammo, 
dialkylamino, substituted dialkylamino, acyl amino, substituted acylammo, N- 
acyl-N-alkyiamino, substituted N-acyl-N-aikyiainmo, alkylene dioxy, 
(a3kylsulfonyl)animo, substituted (alkylsulfonyl)ammo, N-(alk}dsulfonyl)-N- 
aikylamino, substituted N-CalkyisulfonyD-N-alkylamino, aikyL substituted 
alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, 
cycloaikenyl, substituted cycloalkenyl, alkynyl. substituted alkynyl, cyano, 
acyl, substituted acyl, carboxy, substituted carboxy, nitro, thiol, alkylthio. 
substituted alkylthio, alkylsulfoxy, substituted alkyisutfoxy, aikyisuifonyL 
substituted alkylsuifonyl, aryl, substituted aryl, heteroaryl, substitoted 
heteroaryl; 

R 2 is selected from die group consisting of aikyl, substituted alkyi, 
aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, 
substituted cycloalkyl, cycloalkenyl, and substituted cycloalkenyl; and 

and enantiomers, diastereomers and pharmaceutical^ acceptable salts 
thereof. 



Preferably, die compound is selected from formula He, Hd or He. 
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5 In the above compounds H{a-e), B Is either: 

(a) a group wherein W, together wiur -C(~Z)NR 2 - where Z is ~0~, 
forms an unsaturated heterocyclic group containing 2 to 4 carbon atoms and 
0 to 2 additional nitrogen atoms and further the wherein the unsaturated 
heterocyclic group Is optionally substituted, in addition to the R 2 group, with 

10 1 or 2 substuuents selected from the group consisting of alkyl, alkoxy, 

substituted alkoxy, alkenyloxy, substituted alkenyloxy, halo, hydroxy, mono 
or dialkylamino. Preferably B is 2-pyridone, (e.g., 2-pyridon-3-yi, 2- 
pyridon-4-yl, etc,,) or 6~pyrimidone (e.g., 6-pyrimidon-5-y.L etc.,) that is 
optionally substituted, in addition to the R 3 group, with 1 or 2 substituents 

15 selected from the group consisting of alkyl, alkoxy, substituted alkoxy, 

alkenyloxy, substituted alkenyloxy, halo, hydroxy, mono or dialkylamuio, 
more preferably methyl, ethyl, propyl, methoxy, ethoxy, propoxy, butoxy, 
allyloxy, butenyloxy (wherein the methyl, ethyl, propyl, butyl, and allyi 
group in said methoxy, ethoxy, propoxy, butoxy, allyloxy, butenyloxy may 

20 be optionally substituted with one, two or three substituents selected from the 

group consisting of hydroxy, alkoxy, thiol, alkylthio, alkylsulfoxide, 
alkylsulfone, halo, alkyiamino, dialkylamino, amino, aminoacyl, preferably, 
hydroxy, inetiioxy, ethoxy, medtylthio, methylsulfane, methylsulfone, 
fluoro, methylamino, dimethylamino, amino, and acetylamino), chloro, 

25 bromo, hydroxy, methylanhno, or dimemylammo. More preferably in the 

above rings R 2 is alkyl, preferably methyl; or 

(b) a group wherein W, together with -C(=Z)MR a - where Z is -0-, 
forms a saturated or unsaturated heterocyclic group containing 2 to 4 carbon 
atoms and 0 to 2 additional nitrogen atoms wherein said saturated or 

3 0 unsaturated heterocyclic group is fused to a heterocyclic ring selected from 

the group consisting of dioxolane, dioxane, homodioxane, oxetane, 
tetralrj droit i i>* d h* drop} ran, furan, oxazolidine, oxazole, isoxazole, 
oxazolidinone, oxauiiolane, and i } 3-dioxolan~2~one and wherein die 
resulting fused ring is optionally substituted, in addition to the R 2 group, on 
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5 any ring atom capable of substitation with 1 or 2 subsdtuents selected from 

the group consisting of alkyl, alkoxy, substituted alkoxy, a&enyloxy, 
substituted alkenyloxy, Mo, hydroxy, mono or dia&ylamino. Preferably B 
is 2-pyridone or 6-pyrimidone that is fused to a heterocyclic ring selected 
from fee group consisting of dioxolane, dioxane, homodioxane, oxefane, 

io tetrahydroferan, dihydropyran, furao, oxazolidine, oxazole, isoxazole, 

oxazolidmone, oxathiotane, and l,3-dioxolan-2-one, and wherein fee 
resulting fused ring is optionally substituted, m addition to die R 2 group, on 
any ring atom capable of substitution wife 1 or 2 substituents selected from 
the group consisting of alkyl, alkoxy, substituted alkoxy, alkenyloxy, 

15 substituted alkenyloxy, halo, hydroxy, mono or dklkylamrao, preferably 

methyl, ethyl, propyl, methoxy, ethoxy, propoxy, butoxy, allyloxy, 
butenyloxy (wherein die methyl, ethyl, propyl, butyl, and ally! group in said 
mefeoxy, ethoxy, propoxy, butoxy, allyloxy, butenyloxy may be optionally 
substituted wife one, two or three substituents selected from fee group 

20 consisting of hydroxy, alkoxy, thiol, alkylfeio, alkylsalfoxide, alkylsulfone, 

halo, alkylanuno, dialkylamino, amino, aminoacyl, preferably, hydroxy, 
methoxy, ethoxy, meihyhhio, mefeylsulfane, niemylsulfone, fiuoro, 
methylaraino, dimethylamiao, amino, and aeetylamino), chloro, bromo, 
hydroxy, methylamino, or dimefeylamino. More preferably in the above 

25 rings R 2 is alkyl, preferably methyl and X is hydroxyl. 

In the above compounds U(a-e), Ar* is preferably phenyl. 

Within fee above preferred groups of fl(a-e), a more preferred group 
30 of compounds is feat wherein R 5 is selected from the group consisting of 

alkyl, subsdti u . fl A, aryl, substituted aryl, heterocyclic, substituted 
heterocylie, heteroaryl and substituted heteroaryl. Even more preferably R 5 
is selected from fee group consisting of 4-raeroylpheayl, methyl, benzyl, n~ 
butyl, s~hexyl, 4~chlorophenyl 5 1-naphthyL 2-naphfeyl, 4-mefeoxy phenyl. 
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phenyl, 2,4 ; 6~trimemylphenyi ( 2-<methoxycarbonyI)phenyl, 2- 
carboxyphenyl, 3,5-dicMoropheayl, 4-tritIuorometfayIplienyl, 3,4- 
dichlorophenyl, 3,4-dimethoxyphenyl, 4-(CH 3 C(0)NH-)phe«yI, 4- 
trifiuoromeihoxyphenyl, 4-cyanophenyl, isopropyl, 3 ? 5-di- 
(trifluoromethyl)phenyl, 4-^butyIphenyl. 4-r-buioxy phenyl, 4-nitrophenyl, 2- 
thieayl, l-N-iaethyI-3-methyi-5-c!iloropyra2oM-yl, phenethyi, l-N- 
memyiimidazol-4-yI, 4-bromophenyL 4~amidhiophenyl, 4~ 
methylaniidinophcnyl, 4-[CH 3 SC(=NH)3phenyi, 5-eMoro-2-thicnyi f 2,5- 
dxcWoro-4-thieayl, I-N-methyI-4-pyrazolyl, 2-thiazolyl, S-raea*yt~l,3,4- 
miadiazol-2-yl, 4~fH 2 NC(S)]phenyI, 4-airunophenyl, 4-fiuoropheuyl, 2~ 
fluorophenyl, 3-fhtorophenyl, 3,5-difluoropheny!, pyridin-3-yl, pyr.tmidm-2- 
yl, 4-{3 -'-dimethyIamino-n-propoxy)-phenyi, and l-raethylpyrazol-4-yl; 

R !f> is substituted amino; 

R 6 , R i7 and/or R 20 are hydrogen; and 

R iS and/or R 2i are alkyl, substituted alkyi, aryl, or substituted aryl. 

In a second aspect, this invention provides pharmaceutical 
compositions comprising a pbarmaceutically acceptable carrier and a 
therapeutically effective amount of the compounds defined herein. 

In a third aspect, this invention is directed to a method for treating a 
disease mediated by VLA-4 in a patient, which method comprises 
administering a pharmaceutical composition comprising a pharmaceutical 
acceptable carrier and a therapeutically effective amount of compounds 
defined herein. 

In the above compounds, when X is other than -OH or 
pharmaceutical salts thereof, X is preferably a substituent which will convert 
(e.g. , hydrolyze, metabolize, etc.) in vivo to a compound where X is -OH or 
a salt thereof. Accordingly, suitable X groups are any art recognized 
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pharmaeeutically acceptable groups which will hydrofyze or otherwise 
convert in vivo to a hydroxy! group or a salt thereof including, by way of 
example, esters (X is alkoxy, substituted alkoxy, cycloalkoxy, substituted 
cycloalkoxy, alkenoxy, substituted alkenoxy, eycloalkenoxy, substituted 
eycloalkenoxy, aryloxy, substituted aryloxy, heteroaryloxy, substituted 
heteroaryloxy, heterocyclooxy, substituted heterocyclooxy, and the like). 

This invention also provides methods for binding VLA-4 hi a 
biological sample which method comprises contacting the biological sample 
with a compound of this invention under conditions wherein said compound 
binds to VLA-4, 

The compounds and pharmaceutical compositions of this invention 
are useful for treating disease conditions mediated by VLA-4 or leucocyte 
adhesion. Such disease conditions include, by way of example, asthma, 
Alzheimer's disease, atherosclerosis, AIDS dementia, diabetes (including 
acute juvenile onset diabetes), inflammatory bowel disease (including 
ulcerative colitis and Crohn's disease), multiple sclerosis, rheumatoid 
arthritis, tissue transplantation, tumor metastasis, meningitis, encephalitis, 
stroke, and other cerebral traumas, nephritis, retinitis, atopic dermatitis, 
psoriasis, myocardial ischemia and acute leukocyte-mediated lung injury 
such as that which occurs in adult respiratory distress syndrome. 

Other disease conditions include, but are not limited to, inflammatory 
conditions such as erythema nodosum, allergic conjunctivitis, optic nemitis, 
uveitis, allergic rhinitis, Ankylosing spondylitis, psoriatic arthritis, 
vasculitis, Reiter's syndrome, systemic lupus erythematosus, progressive 
systemic sclerosis, polymyositis, dermatomyositis, Wegners granulomatosis, 
aortitis, sarcoidosis, lymphocytopenia, temporal arteritis, pericarditis, 
myocarditis, congestive heart failure, polyarteritis nodosa, hypersensitivity 



WO 1)2/08202 



PCT/USOi/23075 



s syndromes, allergy, hypereosmophiHe syndromes, Omrg-Srrauss syndrome; 

chronic obstructive pulmonary disease, hypersensitivity pneumonitis, chronic 
active hepatitis, interstitial cystitis, autoimmune endocrine failure, primary 
biliary cirrhosis, autoimmune aplastic anemia, chronic persistent hepatitis 
and thyroiditis. 

10 

In a preferred embodiment, the disease condition mediated by VLA-4 
is an inflammatory disease. 

Preferred compounds of this invention include those set forth in die 
15 Table below: 



Table I 




20 



Cpd 


A 


B 


1 


[2KC 2 H 5 ) 2 N-5-CF 3 CH a lpyrimidin-4- 


l-CH 3 -4-CH 3 0-2"pyridon-3-yl 




r2-(C 2 H 5 ) 2 N-5-CT 3 CHJpyrimidin-4-- 
yl 


l-C,H s -4-CH ;i O-2-pyridon-3-yl 
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3 


P-KCja^N-S-CFjCHajpyrinudin-^ 
yl 


1 -n-C 3 H r 4-CH 3 0-2-py ridoit-3-yl 


4 


[2KQH 5 ) 2 M-5-CF 3 CE 2 ]pTOidm--4- 

yl 


l-K: g H ? -4-CH 3 0-2-pyrtdoti-3-yi 


5 


[2-(C 2 H 5 > 2 N-5"CF 3 CH 2 3pyrintidin~4~ 

yi 


l~CH r 4-CH 3 0~6~pyrimid(ra-5-yl 


6 


[2-(C 2 H 5 > 2 N-5~CF 3 CH 2 lpyrimidia~4~ 
yi 


l~C 2 H s ^-CH s O-6-pyriBiidOE~5~yl 


7 


[2-(C 2 H s ) 2 N-5'CF 3 CH a ]pyriimdin-4- 

yi 


l-a-CjH r 4-CH 3 0-6-pyriniidon-5- 

yi 


8 


[2-(C 2 H 5 ) 2 N-5-CF 3 CH 2 ]pymmdin-4- 

yi 


l-i-C3H 7 -4-CH 3 0-6-pyrimidon-5- 

yi 


9 


^-(CjH^N-S-CCH^CHjpyrimidm- 
4-yl 


l-CH 3 -4-CH 3 0-2-pyridon-3-yl 


10 


C2^QH 5 ) a N-5KCH 3 ) a CH3pyrimidin- 
4-yl 


l-C^ s -4-CH 3 0~2~pyridon-3-yI 


11 


[2-(C 2 e 5 ) 2 N^-{CH 3 ) 2 CH]pyrimidm- 
4-yl 


l-n-C 3 H 7 -4-CHjO-2-pyridon~3-yl 


12 


[2-(C 2 H5) 2 N-5~{CH3) 2 ai3pyrimidin~ 
4-yl 


l4-C s H r 4-CH 3 0-2~pyrido»-3-yl 


13 


[2-{C 2 H 5 ) 2 N~5-(CH 3 ) 2 CHlpyrimidia- 
4~yi 


l-CH 3 -4-CH 3 0-6-pyriinidon-5-yl 


14 


[2-(C 2 H 5 ) 2 N-5-(CH 3 ) 2 CH3pyriraidi»- 

4-yl 


l-CjHs^-CHjO-e-pyrimidoii-S-yl 


15 


[2-(C 2 H 5 ) 2 N-5-(CH 3 ) 2 CH]pyrkaidio- 

4»yl 


l~ii~CjH r 4-CIl 3 0-6-pyr}midoii~5- 

yi 


16 


[2KC 2 Hs) 2 N-5-<CH3) 2 CH|pyrimidm- 
4-yl 


l-i-C 3 H 7 -4-CH 3 0~6-pyTlmidoii-5- 

yi 
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17 


P-CCAXN-SKCHjCH^CHj- 
pyriaiidm-4-yI 


i-i-C 3 H 7 -4-CH 3 0-2-pyridon-3-yi 


18 


[2-(C 2 H s ) s N-5-(CH 3 CH 2 )jCH]- 
pyrmildin-4-yl 


i-CH r 4-CH 3 0-2-pyridon-3-yl 


19 


[2-(C 2 H s ) 2 N-5h;CH s CH,) 2 CH3- 
pyrmudin-4-yl 


l-B-CjH r 4-CH 3 0-2~pyridon-3--yl 


20 


pyrimtdin-4-yl 


l-i-C 2 H s -4-CH 3 0"2-pyridon--3--yl 


21 


[2-(C 2 H 5 ) 2 N-5-(CH 5 CH 2 } 2 CH)- 
pyrimidin-4-yi 


1 -CH a -4--CH,0-6-pyrimidon-5-yl 


22 


[2~(C 2 H 5 > i N-5-(CH 3 CH 2 } 2 CH1- 
pyrimidm-4-yl 


1 -C 2 Hj^-CH ? 0-6-pynmidoii-5-yl 


23 


fXQH^N-S-CCHsCH^^CH]- 
pyrimidm-4-yl 


l-«~C 3 H 7 -4~CH s O-6-pyrimidon-5- 

yi 


24 


[2-(C,H 5 ) J N-5-(CH 3 CH : ,) :J CH]- 
pyrimtdm-4-y] 


l-i-C 3 H r 4-CH 3 0-6~pyrkiidoii-5- 
yl 


25 


[2-(C 2 H 3 ) 2 N-5-(3 5 5-diCH 3 isoxazol-4- 
yl)3pyrimidm-4~yl 


l-CH 3 -4-CH 5 0-2-pyridon-3-yl 


26 


^-(CaH^N-S^^-diCHjisoxazo?^- 
yl)]pyiimidln~4~yl 


i-QH^-CHjO^-pyndon-S-yl 


27 


[2-(C 2 H s ) 2 N-5-(3 5 5-diCH 3 isoxazd-4- 
yl)3pyrimidin-4-yi 


l-rc-QH r 4^H 3 0~2-pyrMon-3-yl 


28 


yl)]pyrimidk-4-yl 


l-f~C 3 H r 4-CH50-2-pyridoii-3-yl 


29 


[2~(C 2 H 5 ) 2 N-5-<3,5-diCH 3 isoxa2oi-4- 
yi)]pyrimidia-4-yl 


l-C:H 3 -4-CH 3 0-()-pyrimidon-5-yl 


30 


yi)Jpyrimidm-4-yl 


l-C 2 H s ^-CH 3 0-6~pyriinidon-5-yI 
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31 


i2-(C 2 H s ) 2 N-5-(3,5-diCH 3 ispxazol-4~ 
yl)3pyrimidin-4-yl 


l~«~C 3 H 7 -4-CH 3 O-6-pymnid0B-5- 

yi 


32 


[2-(C 2 H s ) 2 N-5-(3,5-(iiCH 3 isoxazol-4- 
yi)3pyrimidiB~4-yI 


l-<-C ;! H 7 -4-CH ? 0-6-pyrimidon-5- 

yi 


33 


[2~{C 2 H s ) 2 N-5-(i,3,5-triCH 3 pyraml- 
4-yI)]pyriiM<Jin-4-yl 


l-CH 5 -4-CH 3 0-2-pyridon-3~yl 


34 


[2~(C 2 H,) 2 N-5-(i ,3 ( 5~triCH 3 pyraml- 
1 ; fYjpyi i ! d\\ - ,1 


i^C 2 H r 4-CH 3 0-2-pyiidon-3-yI 


35 


|2-{C,H,;) 2 N-5-(L3. 5-triCH 3 pyrazol- 
i ; l)]p5 n .hi I 


i-«-C 3 H 7 -4-CH 3 0-2-pytidoii-3~yl 


36 


[2-(C 2 H 5 ) 2 N-5-( 1 ,3 ,5-triCH 3 pyraxol- 
4-yl)Jpyrimidin-4-y] 


l-/-C 3 H 7 ~4-CH 3 0-2-pyridoiT~3-yl 


37 


f 2~('C 2 H 5 ) 2 N-5-< 1 ,3 , S-triCEjP^azoI- 
4-yl)jpyrimidin-4-yl 


J -CHj-4-CH 3 0-6-pyriraidoii-5-y] 


38 


[2-(C,H,) 1 N-5-(i,3,5-friCH#>TazoI- 
4-yl)]pyriraidiu-4-yl 


1 -C 2 H 5 -4-CH/)^-pyTi.midon-5-yl 


39 


^-(QH^jN-S-CI ^S-triCHjpyrazol- 
4-yl}.] py rmiidin-4-yl 


l-«-C 3 H 7 -4~CH 3 0-6-pyriiiftidoa~5- 

yl 


40 


P-{C 2 H 5 )jN-5-(1 ,3 .S-triCHjpyrazoi- 
4~yi)3pyrinudm-4-yl 


l-i-C 3 H 7 -4-CH 3 0-6-pyrimidon-5- 

yi 


41 


{2-(C 2 H 5 ) 2 N-5<3,5-diCH 3 isotiiiazoi- 
4-yl)]pyrimidjii~4~yi 


l-CH 3 -4-CH 3 Q~2~pyridon~3~yl 


42 


[2-(C 2 H 3 ) 2 N-5-(3,5-diCH s isoiiua2ol- 
4 - y 1)] py ri in id j n -4 ~yl 


i-C 2 H 5 -4-CH 3 0-2"pyiidoii~3-yl 


43 


[2<C 2 H 5 ) 2 N-5<3 5 5-diCHjisofliIazol- 
4-yi}Jpyrirnidm~4~yi 


l-«-C 3 H r 4-CH 3 0"2-pyrIdon-3-yl 


44 


f2-{C 2 H 5 ) 2 N-5-(3 5 5~<iiCH 3 isotbIazoI- 
4~yl)3pyrimidiii-4-yi 


l-i-C 3 H r 4-CH 3 0-2-pyridoa-3-yl 
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45 


[a-CC^N-S-CS^-diCHjisodiiazol- 
1 ll 1 rn iidin y) 


i-CH,-4-Ce 3 0^pymmdon-5-yI 


46 


P-(C,HAN"5K3,5-diCH 3 isothiazol- 
4-yI}]pyrimMin-4-yI 


i-C 2 H 3 -4-CH 3 0-6~pyrimIdori-5-yI 


47 


4-yl)]pyriimdin-4~yl 


l-»-C 3 H r 4-CH s O-6-pyTiffiidon-5~ 

yi 


48 


[2~(C 2 H 5 ) 2 N-5-(3,5-diCH 3 isotliiazol- 
pyrimidiii-4~yl 


l-/-C 3 H r 4~CH 3 0-6-pyrimldon~5~ 

yi 



and are named as follows: 

(l-meihyl-4-methoxy-2~pyiidon-3-yI)phenylalanme; 

AH2<A^A r -diethyiamtoo}-5^ 
{l~e%l^meaioxy-2-pyridon-3-yl)pfeenyManke; 

(l-propyl-4-Tnethoxy-2-pytidon-3-yI)phen5dalanjne; 

iY-(2-(tf,jV~die&yl^^ 
(l-isopropyl-4-methoxy-2-pyridoa-3-yl)pheoyialanine; 

N-(2-(N, A r Hlietiiyiammo)-5~{2, 2 ,24iilluoroemyl)pyriBiidifl-4~yl)-L-4'- 
( l ■raediyI4-me&oxy-6-pyriiBidoii-5-yI)pheiiylalaRme; 

JV^thylami^ 
(l-etliyl-4-methoxy-6iiyrimidoiv5-y!)pheiiylalajiine; 

(l-propyl-4-methoxy-6~pyrimidon-5-yl)pbenylalartme; 

AH2<iV,A'-diediyIanmo)^^^ 
{l-isopropyM-methoxy-6iiyrimidoi>5-yi)pheaytalanine; 

iV~(2~(iy,A^lie&ylMmno^^ 
mefliyI^mefhoxy-2-pyridoii-3-yl)phenylalamiie; 

eihyl-4-meth cy-2 in ndoii-3~yl)pheKyIalar!ine; 
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iV-(2-{ACA L dtefhyIamino)-5-(2-metliyipropyl)py^ 
piopyW-metiuixy-2-pyridon-3-yl)pheiiyManine; 

N~(2-(N, A^diethylamiTi0)-5^2~meaiylpropyl)pyrimidiB-4-yO - 
isopropyI4~metfaoxy-2i)>Tfe 

.A^^iY-diefeylam^ 
methyl-4-methoxy-6-pyrimidOfl-5-yl)pbeiiylalanine; ■ 

N-Qr(N, iV-diethylamino)-5-(2-meihy 1propyl)p>Timidia-4-yF)-L-4' -( 1 - 
efliyI-4-medioxy-6-pyrimidoii-5~yl)pheiiyiaianine; 

AT-^A^A^iethylan^ 
propyM-met3aoxy-6~pyrinddon-5-yl)pheny1alai^ 

A^^JV.A^lieiityU^^ 
isopropyl"4-methoxy-6-pyrimidoii-5-yl)ptoylaIaaine; 

N~(2-(N, A 7 -dietliylamnio)-5~{l-ethy lpropyl)pyrimidin-4-yI)-L-4 '-( 1 - 
me%l-4-ttiethoxy-2-pyridoB-3-y1)plieny1alaiune; 

A r -(2-(A r , A r -diethyianimoV5^1-e{hyIpropyl)pyoDfadm4-yl)-L-4'-( 1 • 
etbyl-4-TnedK>xy-2iiyr.idon-3-yl)phenylalatiine; 

N~(2~(N, AkliediylaTmno}-5-(l -ethylpropy^pyrimldm^-yFj-L^'^l- 
ptopyl-4-methoxy~2--pyridoti-3-yl}pbenyIalaiiine; 

A-(2-(A;A r -dtediylaminoV^^ 
isopropyl-4-metboxy-2--pyridon-3-yl)pbeByiaIaiiMc; 

A r -(2-(A r J A f -dieUiyiaaihio)-5-(l-ediyIpropyl)pyrhmdin-4-yl)^ 
methyM-raetboxy-^pyrknid^^^ 

A F -(2KA r ,A r HiiethyIandno)-5-(l-ediylpropyl}pyiimidm4-yl)-^ 
ediyl-4-raetboxy-6-pytim?doH--5-yl)pheTiylalamQe; 

A^2~(AfA?~diettiylaim^ 
propyt4-metboxy-6-pyr.iinidon-5-y3)pbenyIalaiune; 

A r -{2"(^A / -die%laiBko)-5~(l^thyIpropyl)pyrimM 
isoprop\ • i • ■ ^-pyrimidon-5-yI)p}ieiiyIaIaniiie; 

W'-(l-metbyi4-medioxy-2-pyridon~3~yI)phenyIa1^ 
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N~(2-(N, A^iethylammo)-5-(3,5-djniethyIisosa2ol -4- yl)pyriimdin-4-yl)- 
L-4'-(l-e&yl-4-mef ioj 5 J-pyridoi 3-yI)phej {alanine; 

N- (2 -<N S W-diethy lami no) -5 - (3 , 5-di methyl! soxa2ol-4-yl)pyTifiiidiii-4~yi)- 
L-4 ! -(l-propyl~4~mediox> , -2-pyridon~3~yI)phenylaIajune; 

A L (2-{MA L diethylamino)~5H3,5-dimetli>ltsoxa;a^-4-y 
L-4'-( 1 -isopropyl-4-raeUic^\y-2-pyridon-3-yl)phenylalaiuoe ; 

AH2<A' ; A^iediylamino)-5-(3^^ 
L^M^^^yi^t»ethoxy^pyri3^on~5-yl)phenyialanine; 

iV-^-Ci^jV^ethyiam^ 
L^*-(l-e%l^-medioxy-6^yrimidon-5-yl^henyk!anuie; 

AH2~(A T ,Ak1iethylamino)~5~(3,5^ime^ 
L-4'-( 1 -propyl~4-mcthoxy-6-pyrimidon-5-yl)phenyiaIaiiine; 

A v ~(2~(Af A^-diethylandno)^ 
L^Ml"isopmpyl-4-methoxy^~pyrimidou-5-yl)phenylalamHe; 

iY-{2~(/C^dfethylan»n^^ 
yI)-L-4'Kl-niediyI-4-nietiioxy-2-pyridoa-3-yl)pIxenylalaiime; 

N-(2-(N, A f -diethylammo)-5-(l ,3 ,5 -tr nn^y^razoI^yOpyrimidin^ 
ylVL^'-Cl^^M-n^ihoxy-l-pyridcm-S-yOpfemyklanine; 

A^-CA^A-diethylammo^ 
yl)-L4^J-propyl^methoxy-2-pyridon-3-yI)pheny!alaniDe; 

A^2~(ACA ? -diedjylam.uK)^ 
y l)-L-4 '-{1 -isopropy l~4-mef]ioxy-2-pyridoii-3-yl)pheiiylalaiiiiie; 

A f ~(2-(A^A / -diediyiamino)-5Kl,33-ttimetliyIpyram 
yI)-L-4'-(l-meflH4-4-medioxy-6-pyriniidon-5~y!}pheoylalanme; 

AK2<A f ,Akiie&ylaiUH^^^ 
yl)-L^Mi^tliyM-mettioxy-6-pyrjmidon-5~yl)phe«ylalaniiie; 

AM2-(Af,A~diethyiamino^^ 
yl)-L^'-{l-propyl-4-methoxy-6-pyriraMon-5-yl)plienyIate 

A^(2KA^Hiiemyla^^ 
yl)~L^'-(14sopropyl4~methoxy-6-pyriinidon-5-yl)pfeenyIaknke; 
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A-(2-(A ? ,AMIetiylamino)-5-(3,5-dunethylisot!iia 
yl>L^'^!-memyi^rneto^ 

A^^iYdiemylarj^ 
yl)~L~4Ml-ethyl-4-.m^ 

A r -(2-(.V.A 7 -dietIiylai'nino)-5-(3 " « 
yl)-L4'-(l-propyl^me&oxy~2-pyridon~3~yl)phe»ylalamae; 

JV^-CWAkiiemylam^ 
yIH^X14sopropyI-4-nietMxy^ 

AH2-(A%\k1iediylamino)~5~(3,5^ 

iY-^^W-diemylamiiK))^ 
yl)-L^ , -(l-ethyW-methoxy-6-pyrknklon-5-yl)pheny]alaniiie; 

N- (2~(N, A'-dieth y 1 am mo)-5-(3, 5~dimethyl isof hi azol- 4-y 1 }p ydniidm-4- 
yl)-L-4'-(l-propyM-methoxy-6-pyrmiidon-5~yl)phenylalaiutte; and 

AK2<A%Y-diethylamko)-5K3,5-dm 
yl)-L-4'-( I -isopropyl-4-metiiosy-6-pyrimidoB-5-y ^phenylalanine , 

DETAILED DESCRIPTION OF THE INVENTION 

As above, this invention relates to compounds which inhibit leukocyte 
adhesion and, in particular, leukocyte adhesion mediated by VLA-4. 
However, prior to describing this invention in further detail, the following 
terms will first be defined. 

Definitions 

As used herein, "a&yl" refers to alkyl groups preferably having from 
i to 10 carbon atoms and more preferably I to 6 carbon atoms. This term is 
exemplified by groups such as methyl, t-butyl, n-heptyl, ocryl and the like. 

"Substituted alky!" refers to an alkyl group, preferably of from 1 to 1.0 
carbon atoms, having from 1 to 5 substituents selected from the group 
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a insisting of lk< substituted alkoxy, acyl, acylatnmo, &iocarboaylamino, 
acyloxy, amino, aniidino, aikyl amimno,tMoamidmo, ammoaeyl, 
amteocarbonylamhio, amino tMocarbonylamino, aminocarbanyioxy, aryl, 
substituted aryl, aryloxy, substituted aryloxy, aryloxyaryl, substituted 
i! ox;; ivy] cyauo, halogf i nxx }, nitro, carl I, c rb< k> 
carboxyl-sabstituted aikyl, carboxyl-eycloalkyl, earboxyl-sobstituted 
cycloalkyl, carboxylaryl, carboxybsubsntuied aryl, earboxytheteroaryl, 
carboxyl-substiiuted heteroaryl, carboxylheterocyclic, carboxyl-substiluted 
heterocyclic, cycloalkyl, substituted cycloalkyl, guanidmo, guanidinosulftme, 
thiol, tMoalfcyl, substituted tltioal&yl, thioaryl, substituted thioaryl, 
thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl, substituted 
thioheteroaryl, mioheterocydic, substituted thioheterocyclic, heteroaryl, 
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy, 
substituted cycloalkoxy, heteroaryloxy, substituted heteroaryloxy, 
heterocyclyloxy, substituted heterocyclyloxy , oxycarbonyl amino, 
oxythiocarbouylamino, -OS(0) r alkyl, -OS(0) r substituted alky], ~GS(0) 2 - 
aryl, -OS(0) r substituted aryl, ~OS(0) r heteroaryl, -OS<0) 2 -substituted 
heteroaryl, ~OS(0) r heterocyclic, -OS{0> r sirbstituted heterocyclic, -OSG r 
NRR where R is hydrogen or aikyl, -NRS(0) 2 -alkyl 5 -NR$(0) r substituted 
aikyl, -NRS<OVaryl, -NRS(0),-substiruted aryl, -NRS(0) 2 - heteroaryl, - 
NRS(0) ^substituted heteroaryl, -NRS(0),-heterocyclic , ~NRS(0) r substituted 
heterocyclic, ~NBS(0) r NR-aikyl, -NRS(0) r NR-substituted aikyl, -NRS(0) 2 - 
NR~aryi, ~NRS(0) 2 -NR-subsHtuicd aryl, -NRS(OVNR~heteroaryI, -NRS(0) 2 - 
NR-substituted heteroaryl, -NRS(0) r NR-heterocyclie, -NRS(0) 2 -NR- 
substituted heterocyclic where R is hydrogen or aikyl, mono- and di~ 
alkylamino, mono- and di~(substitiHed aikyl} amino, mono- and di-arylamino, 
mono- and di -substituted arylamioo, mono- and di-heteroarylamino, mono- 
and di-substit • •• fa i >ary amino, mono- and di-beterocyclic amino, mono- 
and di-substituted heterocyclic amino, imsymmetric di-substituted amines 
having different substituents selected from aikyl, substituted aikyl, aryl, 
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substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and 
substituted heterocyclic and substituted alkyl groups having amino groups 
blocked by conventional blocking groups such as Boe, Cbz, fomiyl, and the 
like or alkyl/substituted alkyi groups substituted with -SOj-alkyl, SO r 
substituted alkyl, -S0 2 -aikenyi, ~S0 2 -substimted aikenyl, -S0 2 -eycloaIkyl, - 
SO. r substi Luted cydoaftyi, ~S0 r aryl, -S0 2 -$ubshtuted aryl, -SO r heteroatyl, 
-SOj-Sttbstitated heteroaryl, -S0 2 -heterocyelie, -S0 2 -subsdtuted heterocyclic 
and ~SQ 2 NRR where R is hydrogen or alkyl, 

"Alkoxy" refers to the group "alkyl-O-" which includes, by way of 
example, methoxy, efhoxy, «-propox>\ /so-propoxy, «-hutoxy, rm-butoxy, 
seobutoxy, n-peatoxy, n-hexoxy, 1,2-diraeihylbutoxy, and the like. 

"Substituted alkoxy" refers to die group "substituted alkyl-O-". 

"Alkenoxy" refers to the group w alkenyl-0-'\ 

"Substituted aikenoxy" refers to die group "substituted alkeuyl~0- ! \ 

"Acyl* refers to the groups H-C(O)-, alkyl-C(O)-, substituted alkyl- 
C(0)~, alkenyl-C(O)-, substituted alke«yl-C(0)-, alkynyl-C(O)-, substituted 
alkynyl-C<0)- cydoaIkyl-C(0)- { substituted cycloalkyl-C(O)-, aryl-C(O)-, 
substituted aryl-C(O)-, heieroaryl~C(0>, substituted heteroaryl-C(0), 
heterocyciic-C(0>, and substituted heterocyelie-C(0)~ wherein alkyl, 
substituted alkyl, aikenyl substituted aikenyl, alkynyl, substituted alkynyl, 
eycioalkyl, substituted cycloaikyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, heterocyclic and- substituted heterocyclic are as defined 
herein. 
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"Acylamino" refers to the group ~C(0)NRR where each R is 
independently selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, 
substituted heteroaryl, heterocyclic, substituted heterocyclic and where each R 
is joined to form togetiier with the nitrogen atom a heterocyclic or substituted 
heterocyclic ring wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and 
substituted heterocyclic are as defined herein. 

'"rhiocarbonylamino" refers to the group ~C(S)NRR where each R is 
independently selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl. 
aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, 
substituted heteroaryl , heterocyclic, substituted heterocyclic and where each R 
is joined to form, together with the nitrogen atom a heterocyclic or substituted 
heterocyclic ring wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and 
substituted heterocyclic are as defined herein, 

"Acyloxy" refers to the groups alfcyl-C(G)0-, substituted alkyl- 
C(0)0-, alkenyl-C(0)0-, substituted alkenyl-C(0)O, alkynyl -0(0)0-, 
substituted alkynyl-C(0)0-, aryl-C(0)0-, substituted aryI-C{0)O, 
cycloalkyl-C(0)CK substituted cycloalkyl~C(0)0-, heteroaryl-C(O)0-, 
substituted heteroaryi-C(0)0-, heterocycIic-C(0)0~, and substituted 
heterocyclic-C(0)0- wherein alkyl, substituted aifcyl, alkenyl, substituted 
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl. 
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substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and 
substituted heterocyclic are as defined herein. 

"Oxysuifonyi" refers to the groups aikyi-SG a Ch substituted aJfcyl- 
SOjO-, alkenyI-S0 2 0-, substituted alkenyI-S0 2 0-, alkyiryl-SOXK substituted 
alkynyl~S0 2 0-, aryI-S0 2 0~, substituted aryl-SOp-, cycloalkyl-S0 3 0-, 
substituted cyeloaikyl-S0 2 0~, neteroaryl-S0 2 0-, substituted heteroaryl-S0 2 0- 
, heteroeycHc-S0 2 0-, and substituted heterocycIic~S0 2 0- wherein alky 1 4 
substituted aJkyl, aikenyl, substituted aikenyl, alkynyk substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, heterocyclic and substituted heterocyclic are as defined 
herein. 

"AlkenyP refers to aikenyl group preferably having from 2 to 10 
carbon atoms and more preferably 2 to 6 carbon atoms and having at least 1 
and preferably from 1-2 sites of aikenyl unsataration. 

"Substituted aikenyl" refers to aikenyl groups having from 1 to 5 
substifuents selected from the group consisting of alkoxy, substituted alkoxy, 
acyl. acylamino, thioc arb urj \< inino, acySoxy, amino, amidino, alkylamidino, 
tliioamidmo, arxiinoacyl, aniinocarbonylaiuuio, aininothiocarbonylammOj 
aminocarbonyloxy, aryl, substituted aryl, aryloxy, substituted aryloxy, 
aryloxyaryl, substituted aryloxyaryl, halogen, hydroxy l s cyano, nitro, 
carboxyl, carboxylalkyl, carboxyl-substituted alkyl, earboxyl-cycloalkyl, 
carooxyl-subsdtuted cycloalkyl, earboxylaryl, carboxyl-substituted aryl, 
earboxylheteroaryl, carboxyl-substituted heteroaryl, carboxylheterocychc, 
carboxyl-substituted heterocyclic, cycloalkyl, substituted cycloalkyl, 
guanidino, guanidinosulfone, thiol, thioalkyl, substituted thioalkyl, thioaryl, 
substituted thioarylj thioeyeloalkyl, substituted thioc] dball - . dtioheteroaryl, 
substituted thioheteroaryl, thioheteroeyclie, substimted thioheterocyclic, 
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heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, 
cydoalkoxy, substituted cydoalkoxy, heteroaryloxy, substituted 
heteroaryloxy, heteroeyclyloxy, substituted heterocyclyloxy, 
oxycarbonylaniino, oxythiocarbonylamino, -OS(0) 2 -alkyl, -OS<0) ; .-suhstituted 
alkyl, ~OS(0) 2 -aryI, -OS(0) 2 -subsiituted aryl, -OS(G) r heteroaiyl, ~0S(O) r 
subslituted heteroaryl, -OS{0) 2 -heteroeyclic ; -OS(0) r substituted heterocyclic, 
-OSO r NRR where R is hydrogen or alkyl, -NRS(0) r aIkyl, -NRS{0) 2 - 
substituted alkyl, -NRS(0) 2 -aryI, -NRS(0) 2 -substituted aryl, -NRS(0) r 
heteroary!., ~NRS(0) 2 -substituted heteroaryl, ~NRS(G}. r heterocycIic, - 
NRS(0) r substituted heterocyclic, -NRS(0> r NR-alkyl, -NRS(0) r NR- 
substituied allcyl, -N T RS{0) 2 -NR-ary1, -NRS<0) r NR-substituted aryl, - 
NRS(Q) 2 -NR-heteroaryh -KRS(0) 2 -NR-substit.uted heteroaryl, -NRS(0) 2 -NR- 
heterocyeiie, -NRS(0) 2 -NR-sabstituted heterocyclic where R is hydrogen or 
alkyl, mono- and di-alkylaroino, mono- and dt-{substituted alkyl}atnino, 
mono- and di-arylaraino, mono- and di-substituted arylammo, mono- and di- 
heteroarylarnino, mono- and di-substituted heteroarylamino, mono- and di~ 
heterocyclic amino, mono- and di-substituted heterocyclic amino, 
unsymmetric di-substituted amines having different substituents selected from 
alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic and substituted heterocyclic and substituted alkenyi 
groups having amino groups blocked by conventional blocking groups such as 
Boc, Cbz, formyi, and the like or alkenyl/substituted alkenyi groups 
substituted with -SO r alkyl, ~SQ 2 ~substituted alkyl, -SOj-alkenyl, -S0 2 - 
suhstituted alkenyi, -S0 2 -cycloaikyl, -S0 2 -substituted cycloalkyl, -S0 2 ~aryl, - 
S0 2 -substituted aryl, -SO r heteroaryl, -SO r substituted heteroaryl, -S0 2 - 
heterocyclic, -SO r substituted heterocyclic and -S0 2 NRR where R is 
hydrogen or alkyl. 
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"Alkynyl" refers to alkynyl group preferably having from 2 to 10 
carbon atoms and more preferably 3 to 6 carbon atoms and having at least ! 
and preferably from 1-2 sites of alkynyl ^maturation. 

"Substituted alkynyl ' refers to alk\ • from 1 to 5 

substitnents selected from die group consisting of alkoxy, substituted alkoxy , 
acyl, acylammo, raiocarbonylaraino, acyloxy, amino, amidmo, alkylamidmo, 
thioamidino , aniinoaeyl, aminocarbonylainmo, aminothiocarbony iansino , 
aminocarboiiyloxy, aryl, substituted aryl, aryloxy, substituted aryloxy, 
aryloxyaryl, substituted aryloxyaryl, halogen, hydroxyl, cyano, nitro, 
carboxyl, carboxylalkyl, carboxyl-substiruted alkyl, carboxyl-cycloalkyl, 
carboxyHuhstituted cydoalkyl, carboxylaryl, carboxyl-substiruted aryl, 
earboxylheteroaryi, carboxyl-substiiuted heteroaryl, earhoxylheteroeyclic, 
earboxyl-stibstituted heterocyclic, cydoalkyl, substituted cydoalkyl, 
guanidino, guamdinosulfone. thiol, thioalkyl, substituted thioalkyl, thioaryl, 
substituted fhioaryl, miocydoalkyl, substituted thiocycloalkyl, thioheteroaryl, 
substituted thioheteroaryl, &ioheterocyclic, substituted tbioheterocyclic, 
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, 
cycloalkoxy, substituted cycioaikoxy, heteroaryloxy, substituted 
heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy, 
oxycaxbonylamino, oxythiocarbonyiarmno, -OS{0) 2 ~alkyi, -OS(0),-substituted 
alkyl, -OS(0) 2 -aryl, -OS(0),-substttuted aryl, -OS(0) r heteroatyl, ~OS(0),- 
substituted heteroaryl, ~OS(0) 2 -heterocyclic, ~OS(0) 2 -substiiuted heterocyclic, 
-OSO r NRR where 1? is hydrogen or alkyl, -NRS(0) r alkyl, 
-NRS(0) r substiiuted alkyl, -NRS(0) r aryL ~NRS(0) r substiaued aryl, 
~NRS(0) r heteroaryl, -NRS(0) r substituted heteroaryl, -NRS(0) 2 ~ 
heterocyclic, -NRS(0} a -substhuted heterocyclic, -NRS{0) 2 -NR-alkyl, 
-NRS(0) r NR-substitated alkyl, -NRS{0) r NR-aryl, 
-NRS(0) r NR-substituted aryl, -NRS(0) 2 -NR-heteroaryU -NRS(0) r NR- 
substitoted heteroaryl, -NRS(0) r NR-heterocyclic, -NRS{0) r NR-substitu ted 



PCT/USOi/23075 



heterocyclic where R is hydrogen or aifcyl, mono- and di-alkylamino, mono- 
and di-(substituted alkyi)amino, mono- ami di-arylaraino, mono- and di~ 
substituted aiylamino, mono- and di-heteroarylammo, mono- and di- 
substituted heteroarylarnhio, mono- and di-heteroeydie amino, mono- and di- 
substirated heterocyclic ammo, unsymmetric di-substituted amines having 
different substltoents selected from alkyl, substituted alkyl, aryl, substituted 
aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted 
heterocyclic and substituted alkynyl groups having amino groups blocked by 
conventional blocking groups sueh as Boc, Cte, formyl, and the like or 
alkynyl/substituted alkynyl groups substituted with -S0 2 -alkyl, ~SO r 
substituted alkyl, -SCValkenyl, -S0 2 -stibstituted alkenyi, -S0 2 -cycIoaIkyl, 
-S0 2 -substifuted cycloaikyl, -SO,-aryL -SO r substituted aryl, -SOj-heteroaryl, 
~SO r substituted heteroaryl, -S0 2 -heterocyclic, -SO a -substit.uted heterocyclic 
and ~S0 2 .NRR where R is hydrogen or alkyl. 

"Amidino" refers to the group HjNCC^NH)- and the term 
"alkyl artiidino" refers to compounds having 1. to 3 alkyl groups (e.g., 
alkylHNC(-NH)-). 

"Tbioarnidino" refers to the group RSC(=NH)~ where R is hydrogen 
or alkyl. 

"Amino" refers to the group ~NH 2 . 

"Substituted aniino" refers to die group -NRR, where each R group is 
independently selected from die group consisting of hydrogen, alkyl, 
substituted alkyl, alkenyi, substituted alkenyi, alkynyl, substituted alkynyl, 
cycloaikyl, substituted cycloaikyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, heterocyclic, substituted heterocyclic, -S0 2 ~alkyi, 
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-S0 2 -substituted alkyl, -SO r alkenyl, -SO a -substituted alkenyl, -SQ 2 - 
cycloalkyl, -SQ 2 -snbstimt6d cycloalkyl , ~SO r aryl, -S0 2 ~substituted aryl, 
-SO r heteroaryI, -SO^substituted heteroaryl, ~SO r teerocyclic, -SOr- 
substituted heterocyclic, provided that both R groups are not hydrogen; or the 
R groups can be joined together with the nitrogen atom to form a heterocyclic 
or substituted heterocyclic ring. 

"Aminoacyi" refers to die groups -NRCCOJalkyi, 
~NRC{0>substitoted alky!, ~NRC(0)cycloalfcyl, -NRC(G)substituted 
cycloalkyl, -NRC(G)alkeayl, -NRC(0)substituted alkenyl, -NRC(0)alkynyl, 
-NRC{0)substituted aikynyl, -NRC(0)aryi 5 -NRCXO)substiiuted aryl, 
~NRC(0)heteroaryl, -NRC(0)substituted heteroaryl, -NRC(0)heierocyelic, 
and -NRC{0)substiruted heterocyclic where R is hydrogen or alkyl and 
wherein alkyl substituted alkyl, alkenyl, substituted alkenyl, aikynyl, 
substituted aikynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic 
are as defined herein. 

"Aminosulfonyl" refers to the groups -NRSG 2 alkyI, 
~NRSG 2 substimted alkyl, -NRSQ 2 cydoalkyl, -NRS0 2 substituted cycloalkyl, 
-NRS0 2 alkenyI, -NRS0 2 substituted alkenyl, -NRS0 2 alkyny!, 
-NRS0 2 substituted aikynyl, -NRS0 2 atyl, -NRS0 2 substituted aryl, 
-NRSOjheteroaryl, -NRSOjSubstituted heteroaryl, -NRSOdieterocyelic, and 
-NRS0 2 substituted heterocyclic where R is hydrogen or alkyl arid wherein 
alkyl, substituted alkyl, alkenyl, substituted alkenyl, aikynyl, substituted 
aikynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, heterocyclic and substituted heterocyclic are as defined 
herein, 

"Arakocaxbonyloxy" refers to die groups -NRC(0)0-alkyl, 
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-NRC(0)0-substituted alkyl, -MtC(0)0-aIkenyL -NRC(0)0-substitoied 
alkenyl, -NRC(0)G~alkynyi, -NRC(0)0-subs(ituted alkynyl, -NRC(0)0- 
cycloalkyl, -NRC(0)0-substituted cycloalkyi, -NRC(0)0-aryl, -NRC(0)0- 
substitoted aryJ, -NRC(0)0-heteroaryl, -NRC(0)0-$ubstituted heteroaryl, 
-NRC(0)0 'heterocyclic > and -NRC(0)0-substituted heterocyclic where R is 
hydrogen or alfcyl and wherein alkyl, substituted alkyl, alkenyl, substituted 
alkenyl, alkynyl, substituted alkynyl, cycloalkyi, substituted cycloalkyi, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and 
substituted heterocyclic are as defined herein. 

"Aruiriosuifonyloxy" refers to the groups -NRS0 2 0-aIkyi, 
-NRSQ 2 CXsubstirutcd alkyl, -NRS0 2 0-alkenyl, -NRS0 2 0-substituted alkenyl, 
~NRS0 2 0~alkynyl, -NRSO,0-substituted alkynyl, -NRS0 2 0-cycloalkyl, 
-NRSO a O-substituted cycloalkyi, -NRSOjO-aryl, -NRSOjO-substituted aryl, 
-NRSQ 2 G~heteroaiyd, ~NRS0 2 0-snbstituted netecoaryl, 
-NRSC) 2 Q~heterocyclic, and -NRS0 2 0~substituted heterocyclic where R is 
hydrogen or alkyl and wherein alkyl, substituted alkyl, alkenyl, substituted 
alkenyl, alkynyl, substituted alkynyl, cycloalkyi, substituted cycloalkyi, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and 
substituted heterocyclic are as defined herein. 

"Oxyearbonyianirao" refers to the groups ~OC{0)NR,, ~QC(0)NRR, 
-0C(O)NR-aIkyl, -OC(0)NR-substituted alkyl, -OC(Q)NR-aIkenyi, 
~OC(0>NR~substituted alkenyl, -OC{0)NR-alkynyl, -OC(0)NR-substituted 
alkynyl, ~OC(0)NR-eyc!oalkyl, ~OC(0)NR-substiuited cycloalkyi, 
-OC(0}NR-aryl, ~OC(0)NR-substituted aryl, -OC(0)NR-heieroaryL 
-OC(0)MR-substituted heteroaryl,- OC(0)NR~heteroeyelic, and 
~OC(0)NR-subsdtuted heterocyclic where R is hydrogen, alkyl or where each 
R is joined to form, together with the nitrogen atom a heterocyclic or 
substituted heterocyclic ring and wherein alkyl, substituted alkyl, alkenyl, 
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siibstituted alkeny!, alkynyl, substituted alkynyl, cyeloalkyl, substituted 
cyeloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
heterocyclic and substituted heterocyclic are as defined herein. 

"OxytbiocarbonylaiBino" refers to die groups ~QC<S)NH 2 , 
-OC(S)NRR, -OC(S)NR-aUcyL -OC(S)NR-substituted alkyl, -OC(S)NR- 
alkenyl, -OC(S)NR-suhstituted alkeny!, -OC(S)NR-alkynyl, -OC(S)NR- 
suhsriaiied alkynyl, -OC(S)NR~cycloalkyl, -OC(S)NR-substituted cyeloalkyl, 
-OC(S)NR-aryl, -OC(S}NR-s«bstituted aryl, -OC(S)NR-heieroaryl, 
~OC(S)NR~suhstituted heteroaryl, -OC(S)NR-heterocyclic, and 
-OC(S)NR-substitated heterocyclic where R is hydrogen, alkyl or where each 
R is joined, to form together with the nitrogen atom a heterocyclic or 
substituted heterocyclic ring and wherein alkyl, substituted alkyl, alkeny I, 
substituted alkenyl, alkynyl, substituted alkynyl, cyeloalkyl, substituted 
cyeloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
heterocyclic and substituted heterocyclic are as defined herein. 

^ya^fe^^™^" refers to the groups -OS0 2 NH 2 , -GS0 2 NRR, 
-OSG 2 NR-alkyI, -OS0 2 NR-substituted alkyl, -OS0 2 NR~alkenyl, 
-OS0 2 NR-subsdtuted alkenyl, -OS0 2 NR-alkynyl, -OS0 2 NR-substitoted 
alkynyl, -OS0 2 NR-cycloaikyl, -OS0 2 NR-substituted cyeioalkyi, 
-OS0 2 NR-aryl, -OS0 2 NR-substiluted aryl, -OSO,NR~!ieteroaryl, 
-OS0 2 NR-substituted heteroaryl, -QS0 2 NR-heterocyelic, and 
-OSOjNR-substituted heterocyclic where R is hydrogen, alkyl or where each 
R is joined to form, together with the nitrogen atom a heterocyclic or 
substituted heterocyclic ring and wherein alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, cyeloalkyl, substituted 
cyeloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
heterocyclic and substituted heterocyclic are as defined herein. 
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"AmiaocarboHylaraino" refers to the groups -NRC(0)NRR, 
-NRC(0)NR-alkyl, -NRC(0}NR~substituted alkyl ~NRC(0)NR-alkenyl, 
•NRC(0)NR- substituted aikenyl, -NRCC^NR-allo/ttyl, 
-NRC(0)NR~substituted aikynyl, -NRC(0)NR-aryi, -NRC(0)NR-substituted 
aryl, ^RC^NR-eycloalkyl, ~NRC(Q)NR-substhuted cycloalkyl, 
-NRC(Q)NR-heteroaryi and -NRC(0)NR-subsiiiuted heteroaryl, 
-NRC(0)NR-heterocyclic, and -NRC(0)NR-substxtuted heterocyclic where 
each R is independently hydrogen, alkyl or where each R is joined to form 
together with the nitrogen atom a heterocyclic or substituted beterocyclic ring 
as well as where one of tire amino groups is blocked by conventional blocking 
groups such as Boc, Cbz, formyl, and the like and wherein alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, aikynyl, substituted aikynyl, cycloalkyl, 
substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic and substituted heterocyclic are as defined herein, 

■'AntjrfOt.biocarbonylami.no" refers to the groups -NRC(S)NRR, 
-NRC(S)NR-alkyl, -NRC(S)NR-subsrituted alkyl, -NRC(S)NR-alkenyl, 
-NRC(S)NR-substiiuted alkenyl, -NRC(S)NR-alkynyl, -NRC(S)NR- 
substituted aikynyl, -NRC(S)NR-aryl, -NRC(S)NR-substituied aryl, 
-NRC(S}NR-eycloalkyl, -NRC(S)NR-snbsfiiuted cycloalkyl, -NRC(S)NR- 
heteroaryl, and -NRC(S)NR-subsdftited heteroaryl, -NRC(S)NR-heterocyclie, 
and ~NRC(S)NR-substituted heterocyclic where each R is independently 
hydrogen, alkyl or where each R is joined to form together with the nitrogen 
atom a heterocyclic or substituted heterocyclic ring as well as where one of 
the amino groups is Mocked by conventional blocking groups such as Boc, 
Cbz, formyl, and the like and wherein alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, aikynyl, substimted aikynyl, cycloalkyl, substituted 
cycloalkyl, aryl, substituted iryl ha roa yl substituted heteroaryl, 
heterocyclic and substituted heterocyclic are as defined herein. 
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''Arainosulfonylmmao" refers to tlte groups -NRS0 2 NRR, 
-NRSOjNR-alkyl, -NRS0 2 NR-substituied alkyl, -NRSGjNR-alkenyl, 
•NRSO.NR-substituted alkenyl, -NRS0 2 NR~alkynyl, 
-NRSOjNR-subsrtitoied alkynyl, -3SiRSQ 2 NR-aryL -NRSO^NR-substiruted 
aryl, ~NRS0 2 NR-cydoaJkyl s -NRSOjNR-substitoted cyeioalfcyl, 
-NRSO,NRdiet6roaryl, and -MRS0 2 NR-substhuted heieroaryl, 
-NRS0 2 NR-heterocyclic, and -NRS0 2 NR~substimted heterocyclic, where 
each R is independently hydrogen, alkyl or where each R is joined to form 
together with fee nitrogen atom a heterocyclic or substituted heterocyclic ring 
as well as where one of the amino groups is blocked by conventional Mocking 
groups such as Boc, Cbz, foratyl, and die like and wherein alkyl, substituted 
alky)., alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cyeioatkyl, 
substituted cycloaikyl, aryl, substituted aryl, heteroary], substituted 
heteroaryi, heterocyclic and substituted heterocyclic are as defined herein. 

"Aryl" or "Ar" refers to an unsaturated aromatic carbocyclic group of 
from 6 to 14 carbon atoms having a single ring (e.g., phenyl) or multiple 
condensed rings (e.g., naphthyi or anthryl) which condensed rings may or 
may not be aromatic (e.g., 2-benzoxazolinone, 2H4,4d)erizoxazin~3(4H)~ 
one-7yl, and die like). Preferred aryls include phenyl and naphthyi 

Substituted aryl refers to and groups which are substituted with from 
I to 3 subsntuenis selected from the group consisting of hydroxy, acyl, 
acyl amino, tldocarbonylami.no, acyloxy, alkyl, substituted alkyl, alkoxy, 
substituted alkoxy, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
amidino, alfcylamidino, tWoaraidino, amino, aniinoacyk ammoearbonyloxy, 
aminocarbonylamino, aminothiocarbonylaraino, aryl, substituted aryl, 

'i tinned aryl loalko? it v ycloalko^ 

heteroaryloxy, substituted heteroary loxy, heterocyclyloxy, substituted 
beterocyclyloxy, carboxyi, carboxylalkyl, earboxyl-substiaued alkyl, 



PCT/USOi/23075 



carboxyl-cycioalkyt, carhoxyl-substituted cycloalkyl, carboxylaryl, carboxyl- 
substituted aryi, carboxylheteroaryl, carboxyl-suhstituted heteroaryl, 
carboxylheterocyclic, carboxyl-substituted heterocyclic, carboxylamMo, 
cyano, thiol, thioalkyi, substituted thioalkyi, thioaryl, substituted thioaryl, 
thioheteroaryl, substituted thioheteroaryl, thiocycloalkyi, substituted 
tuiocycloaikyl, tMoheterocyclic, substituted thioheteroeyclie, cycloalkyl, 
substituted cycloalkyl, guamdmo, gnanidmosuifone, halo, nitre, heteroaryl, 
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloaikoxy, 
substituted cycloaikoxy, heteroaryloxy, substituted heteroaryloxy, 
heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamiuo, 
oxyfhiocarbonylamino, -S{G) r alkyl, -S(0) 2 -substKUted alkyl, ~S(0) r 
cycloalkyl, -S(0) 2 -substituted cycloalkyl, -S(0) r alkenyl, -S(0) 2 -substituted 
alkenyl, -S(0) 2 -aryI, -S(OVsub$tituted aryi, -S(0) 2 4ieteroaryl, ~S(0) 2 - 
subsiitoted heteroaryl, -S<0) r heterocyclic, -S(0) 2 -substmrted heterocyclic, 
-OSCOValkyl, -OS(0) 2 -substitated alkyl, -OS{0} 2 -aryl, -OS(0> 2 -substituted 
aryi, -OS(0) 2 -heteroaryl, -OS(0) 2 -substlmted heteroaryl, -OS(0) r 
heterocyclie, -OS(0) r sobstimted heterocyclic, -OS0 2 -NKR where R is 
hydrogen or alkyl, -NRS(0) r alkyl, -NRS(0} r substituted alkyl, ~NRS(0) r 
aryl, -NRS(0) r $ubsiituted and, -NRS(0} r heteroaryl. -NRS(Q) r substituted 
heteroaryl, -NRS(0) 2 -heterocyclic, -NRS(0),~substituted heterocyclic, 
-NRS(0> r NR-alkyl, -NRS(0) r NR-substituied alkyl, -NRS(0) r NR-aryl, 
-NRS(0) r NR -substituted aryi, -NRS(0) 2 -NR-heteroatyl, ~NRS(0) r NR~ 
substituted heteroaryl, -NRS{0) r NR-heterocycUc, ~NRS(0) r NR-suhstItuted 
heterocyclic, where R is hydrogen or alkyl, mono- and di-alkyiammo, mono- 
and di~(substituted alkyl)amiuo, mono- and di-arylarmno, mono- and di- 
substituted arylamino, mouo- and di-heteroarylaaiino, mono- and di~ 
substitnied heteroarylamino, mono- and di-heterocyelie amino, mono- and di- 
substituted heterocyclic amino, unsymmetric di-substituted amines having 
different substituents selected from alkyl, substituted alkyl, aryi, substituted 
aryi, heteroaryl, substituted heteroaryl, heterocyclic and substituted 
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heterocyclic and amino groups on the substituted aryl blocked by conventional 
blocking groups such as Boc, Cbz, foraryl, and the like or substituted with - 
5Q 2 MER where R is hydrogen or alkyl. 

"Aryloxy" refers to die group aryl-O- which includes, by way of 
example, pheaoxy. naphthoxy, and the like. 

"Substituted aryloxy*' refers to substituted aryl-O- groups. 

"Aryloxyaryl" refers to trie group -aryl~0~aryl. 

"Substituted aryloxyaryl" refers to aryloxyaryl groups substituted with 
front i to 3 subsiituents on either or both aryl rings selected from the group 
consisting of hydroxy, aeyl, acylainino, thjocarbonyiainino, acyloxy, alkyl, 
substituted alkyl, alkoxy, substituted aikoxy, alkenyl, substituted alkenyl, 
alkynyl, substituted alfcyayl, amidino, aikylamtdino, thioatnidino, amino, 
aininoacyl, anunocarlxmyloxy, aaunocarbonylainino, 
aminoitiiocarbonylaniino, aryl, substituted aryl, aryloxy, substituted aryloxy, 
cycioalkoxy, substituted cycioalkoxy, heieroaryloxy, substituted 
heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy, carboxyl, 
earboxylalkyl, carboxyl-substituted alkyl, carboxyl-eycloalkyl , carboxyl- 
substituted cycloalkyl, carboxylaryl, carboxyl-substituted aryl, 
earboxylheteroaryl, carboxyl- substituted heteroaryl, carboxyiheteroeyclic, 
carboxyl-substituted heterocyclic, carboxyiamido, cyano, thiol, thioalkyl, 
substituted thioalkyl, thioaryl, substituted thtoaryl, thioheteroaryl, substituted 
Moheteroaryl, tMocycloaikyl, substituted thiocycloalkyl thioheterocyclic, 
substituted thiobeterocyclic, cycloalkyl, substituted cycloalkyl, gaanidino, 
guanidinosnlfone, halo, nirro, heteroaryl, substituted heteroaryl, heterocyclic, 
substituted heterocyclic, cycioalkoxy. substituted cycioalkoxy, beteroaryloxy, 
i 1 ■ i-w, heterocyclyloxy, substituted heterocyclyloxy, 
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oxycarbonylainiuo, oxyt&ocarbonylamino, -S(0) a -alkyl, -S(0) r substituted 
alkyl, -SCOVcycloalkyl, -S(0) r substituted cyeloalkyl, -S(0) r alkeiryl, -S(0) r 
substitLtted alkenyl, -S(0) r aryl, -S(0) 2 ~substiiuted aryl, -S(0},-heteroaryl, - 
S(0) r sobstituted heteroaryl, -S(0} r heterocyelic, -S{0) r substitated 
heterocyclic, -OS(0) 2 -aIkyl> -OS<0) 2 ~sHbstituted alkyl, ~OS(G) r aryl, -OS(0) r 
siibstitoted aryl, ~QS(0) r heteroaryl, -OS(0) r substituted heteroaryl, -OS(0) 2 - 
heteroeyclie, -OS(Q) r substituted heterocyclic, ~OS0 2 -NKR where R is 
hydrogen or alkyl, ~NRS<0) r alkyl, -N]tS(OVsubstituted alky!. -NRS<0) r 
aryl, -NRS{0) r substhuted aryl, -NRS(0} r heteroaryl, -NRS(0) r $nbstitnted 
iietefoaryl, -NRS(0} r heterocyciic, -NRS(0) r substitoted heterocyclic, - 
NRS(G). r NR~aikyl, -NRS(0) r NR-substttmed alkyl -NRS(0) r NR~aiyl, ~ 
NRS(G) r NR-substituted aryl, -NRS(0) r NR-heteroa.ryL -NRS(0) 2 -NR- 
substituted heteroaryl, -NRS(G) r NR4reteroeyciic, -NRS(0) r NR-substitiited 
heterocyclic where R is hydrogen or alkyl, mono- and di-alkylamino, mono- 
and di-(siibstituted aikyi)amino, mono- and di-arylamino, mono- and di- 
snbstituted arylaniino, mono- and di-heteroarylamino, mono- and di- 
substituied heteroarylamino, mono- and di-heterocyclic ammo, mono- and di- 
substituted heterocyclic ammo, unsymraetric di-substituted amines having 
different substituents selected from alkyl, substituted alkyl, aryl, substituted 
aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted 
heterocyclic and amino groups on the substituted aryl blocked by conventional 
blocking groups such as Boc, Cbz, rormyl, and me like or substituted with - 
S0 2 NRR where R is hydrogen or alkyl. 

^Cycloalkyr refers to cyclic alkyl groups of from 3 to 8 carbon atoms 
having a single cyclic ring including, by way of example, eyelopropyi, 
cycloouryl, cyclopentyl* cyclohexyl, cyclooctyl and die like. Excluded from 
this definition are multi-ring alkyl groups such as adanianianyl, etc. 
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"Cydoalkenyl" refers to cyclic alkenyl groups of from 3 to 8 carton 
atoms having single or multiple UKsaturationbut which are not aromatic. 

"Substituted cycloalkyl" and "substituted cycloalkenyl" refer to a 
cycloalkyl and cydoalkenyl groups, preferably of from 3 to 8 carbon atoms, 
having from Ho 5 suhs&tuents selected from the group consisting of oxo 
(=0), thioxo (~S), alkoxy, substituted alkoxy, aeyl, acylamino, 
thiacarbonylamino, acyloxy, amino, amidino, alkylaraidmo, thioamidmo, 
aminoacyl, aminocarbonylamino, aminoihioearbonylamino. 
aininocarbonyloxy, aryl, substituted aryl, aryloxy, substituted aryloxy, 
aryloxyaryl, substituted aryloxyaryl, halogen, hydroxy!, cyano, nitro, 
earboxyl, carboxylalkyl, earboxyl-substituted alkyl, carboxyl-cycloalky 1 , 
earboxyl-substituted cycloalkyl, carboxylaryl, earboxyl-substituted aryl, 
carboxylheteroaryi, caiteyi-substimted heteroaryl, earboxylheterocyclic, 
carboxyl-substimted heterocyclic, cycloalkyl substituted cycloalkyl, 
guanidino, guamdinosuifone, thiol, thioalkyi, substituted tbioalkyl, thioaryl, 
substituted thioaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl, 
substituted thioheteroaryl, thioheterocydie, substituted thioheterocyclic, 
heteroaryl, substimted heteroaryl, heterocyclic, substituted heterocyclic, 
cycloaikoxy, substituted cycloalkoxy, heteroaryloxy, substituted 
heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy, 
oxycarbonylamino, oxytiuocarbonylaraino, -OS(0) r alkyl, -OS(0) r substitoted 
alkyl, -OS(0) r aryl, -OS(0) r substituted aryl, -OS(0) 2 -heteroaryl, -OS(0) r 
substituted heteroaryl, -OS(0) r heterocyclic, -OS(0> r substitoted heterocyclic, 
-OSO r NRR where R is hydrogen or alkyl, ~NRS(0) r alkyi, 
-NRS(0) r suhstituted alkyl, -NRS(0) r aryl, -NKS(OVsubstituted aryl, 
~NR$(0) 2 -heteroary!, -NRS(OVsuh$tituted heteroaryl, 
-NRS(0) :r heterocyclic , -NRS ( 0) 2 -substituted heterocyclic , 
-NRS(0) 2 ~NR-alkyl, -NRS(0) r NR~substimted alkyl, -NRS(0) 2 -KR-aryl, 
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-NRS(0) r NR-substiruied aryl, -NRS(0) r NR-heteroatyl, ~NRS(0),-NR- 
subsiituted heteroaryl, -NRS{0} r NR-beterocyclic } -NRS(OVNR~substitated 
heterocyclic where R is hydrogen or alkyl, mono- ami di-a&ylamino, mono- 
and di«(substhuted alkyl)amiao, mono- and di-arylammo, mono- and di- 
substituted arylamino, mono- and di-heteroarylamino, mono- and di- 
substiiuied heteroarylammo, mono- and di-beteroeyelic amino, mono- and di- 
subsiituted heterocyclic amino, unsymmetric di-substituted amines having 
different substituents selected from alkyl, substituted alkyl, aryl, substituted 
aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted 
heterocyclic and substituted alkynyi groups having amino groups blocked by 
conventional blocking groups such as Boc, CM, foraryi, and the like or 
aikynyl/substiitiied alkynyi groups substituted with -S0 2 -alkyl, S0 2 - 
substituted aikyi, ~SO r alketryt» -S0 2 ~substimted alkenyi, -S0 2 -cycloaikyl, 
-S0 2 -substitured cycloalkyi, ~S0 2 -aryi, ~S0 2 -substifuted aryl, -SO a ~heteroaryl, 
-S0 2 -substituted heteroaryl, ~S0 2 -heterocyelie, -S0 2 ~substttuted heterocyclic 
and -SO-NRR where R is hydrogen or alkyl. 

"Cycloalkoxy" refers to -0-cycloalkyl groups, 

"Substituted cycloalkoxy" refers to -O-substituied cyeloalkyi groups. 

"Cydoalkenoxy" refers to -O-cycloalkenyl groups. 

"Substituted cyeIoa^kenoxy , ' refers to -O-substituted cycloalkenyl 

groups, 

*Guarudrao fl refers to die groups -NRC( ~ NR)NRR, 
-NRC(-NR)NR-alkyI, -NRC(=NR)NR-substituted alkyl, ~NRC{— NR)NR- 
alkenyl, ~NRC(=NR)NR-substituted alkenyl, -NRC( = NR)NR-alkynyl , 
-MRC(=NR}NR-sabstituted alkynyi, ~NEC< ~ NR)NR~aryl, 
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-NRC( =m)NR-substimied aryl, -NRC(-NR)NR-cycloaIfeyl, 
-NRC( =NR)NR-heteroaryl , -NRC(-NR)NR-subsrit«ted heteroaryl, 
~NRC(~NR)NR-hfi$erocycHc, and -NRC<=»NR)NR-substituted heterocyclic 
where each R is independently hydrogen and aliyl as well as where one of the 
amino groups is blocked by conventional blocking groups such as Boc, Cbz, 
formyl, and the like and wherein alkyl, substituted alkyl, aikenyl, substituted 
aikenyl, alkynyi, substituted alkynyi, cycloalkyl, substituted cycloalkyl, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and 
substituted heterocyclic are as defined herein. 

"Guarddinosulfone" refers to the groups -NRC{ «NR)NRS0 2 -alkyl, 
-NRC(*NR)NRSO r substitiited alkyl, -NRC<-NR)NRSO r alkenyl, 
-NRC(=NR)NRSO r substinited aikenyl, -NRC(^NR)K ! RSO r alkynyl, 
-NRC{=NR)NRSO r subsiituted alkynyi, -NRC(~NR)NRS0 2 -aryl, 
~NRC( » NR)NRSO r substituted aryl, -NRC( -HR)NRSO r cycloalkyI, 
-NRC( «NR)NRvS0 2 -suhstituted cyeloalkyl, -NRC(=NR)NRSO a -heteroaryi, 
and -NRC(-NR)NRSO r substimted heteroaryl, -NRC( - NR)N RS0 2 - 
heterocyclic, and -NRC(=NR)NRSO r substituted heterocyclic where each R 
is independently hydrogen and alkyl and wherein alkyl, substituted alkyl, 
aikenyl, substituted aikenyl, alkynyi, substituted alkynyl, cycloalkyl, 
substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic and substituted heterocyclic are as defined herein. 

"Halo" or "halogen" refers to fluoro, chloro, brorao and iodo and 
preferably is either chloro or bromo. 

"Heteroaryl" refers to an aromatic earbocyelic group of from 2 to 10 
carbon atoms and I to 4 heteroatoras selected from oxygen parogen and 
sulfur within dre ring or oxides thereof. Such heteroaryl groups can have a 
single ring (e.g., pyridyl or furyl) or multiple condensed rings (e.g., 
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indolizinyl or benzothienyl). Additionally, the heteroatoms of the heteroaryl 
group may be oxidized, i.e., to form pyridine N-oxides or l,l~dioxo-l,2,5- 
thiadiazoles and die like. Preferred heteroaryls include pyridyi, pyrrolyl, 
mdolyl, fury I, pyridaziityl, pyrhmdmyl, pyrazmyl, l-oxo~l,2,5~miadiaz0lyl 
and l,l-dioxo-l 5 2,5-thiadiazoLyl. The term "heteroaryl having two nitrogen 
atoms in the heteroary l ring " refers to a heteroaryl group having two, and 
only two, nitrogen atoms in the heteroaryl ring and optionally containing 1 or 
2 other heteroatoms in the heteroaryl ring, such as oxygen or sulfur 

"Substituted heteroaryF refers to heteroaryl groups which are 
substituted with from 1 to 3 substitueats selected from the group consisting of 
hydroxy, acyl, acyiammo, thiocarbonylamino, acyloxy, alkyl, substituted 
alkyl, alfcoxy, substituted aikoxy, alkenyl, substituted alkenyl, alkynyl, 
substituted alkynyl, amidino, alkylamidino, thioamidino, amino, anraioacyl, 
aminocarbouyloxy, anunocarbonylamino, amioothiocarbonylamino, aryl, 
substituted aryl, aryloxy, substituted aryloxy, cycioaikoxy, substituted 
cycloalkoxy, heteroaryloxy, substituted heteroaryloxy, heterocyclyloxy, 
substituted heterocyclyloxy, carboxyl, carboxylalkyl, carboxyl-substituted 
alkyl, carboxyl-cycloalkyl , carboxyi-subsrittited cyeloalkyl, carboxylaryl, 
carboxyksubstituted aryl, earboxylheteroaryl, carboxyl-suhstimtcd heteroaryl. 
carboxy Heterocyclic , carboxyl-substituted heterocyclic, carboxylamido , 
cyano, thiol, thioalkyi, substituted thioalkyl, thioaryl, substituted thioaryl, 
tirioheteroaryl, substituted thioheteroaryl, thiocycloaOcyl, substituted 
thioeycloalkyi, thioheterocyclic, substituted thioheterocyclic, cyeloalkyl, 
substituted cycloalky], guatiidiuo, guamdmosulfoue, halo, oitro, heteroaryl, 
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy, 
substimted cycioaikoxy, heteroaryloxy, substituted heteroaryloxy, 
heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino, 
oxythiocarboitylauiino, -S(0) 2 -alkyI, -S{0) z -substituted alkyl, -S(0) r 
cycloalkyl, ~S{0) r substituted cycloaikyl, -S(0) r alkenyl, -S(0) 2 -substituted 
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5 alkeny], -S<0) r aryl, -S(0) 2 -substituted aryl, -S(0) 2 -heteroaryI, -S(0) r 

substituted hetexoaryl, ^(O^-heterocydic, ~S(0) 2 -subs&ftited heterocyclic, 
-0S(O} 2 ~alkyl, -OS(0> r substimted alkyl, ~OS(0) 2 -aryl, -OS(0) r substimted 
aryi, -OS(0) 2 -heteroaryl, -OS(OVsubstituted heteroaryl, ~OS(0) 2 - 
heterocycHc, -OS(0) 2 -substituted heterocyclic, -QSG.,-NRR where R is 

1 0 hydrogen or alkyl, -NRS(0} 3 -alkyl, -NRS(0) 2 -substituted alkyl, -NRS(0) r 

aryl, -NRS(G),-substituted aryl> -NRS(0) r heteroaryl, -NRS(0) r substituted 
heteroaryl, -NRS(0) 2 4ieterocyciic, -NRS(0),-substitiited heterocyclic, 
-NRS(0) r NR-alkyl, -NRS(0) 2 -NR-substituted alkyl, -NRS(0) 2 -NR-ary1, - 
NRS<0) 2 -NR~substituted aryl, -NRS(0) r NR-heteroaryl ) -NRS<0) r NR- 

15 substituted heteroaryl, ~NRS(0) r NR-heterocycUc, ~NRS(0} r NR-substituted 

heterocyclic where R is hydrogen or alkyl, mono- and di-aUcylamino, mono- 
and di-(substituted alky1)am.mo. mono- and di-arylamino, mono- and di- 
substituted arylamino, niono- and di-heieroarylamino, mono- and di- 
subs&tated heteioarylamino, mono- and di-heteroeyciic amino, mono- and di- 

20 substituted heterocyclic amino, nnsymmetric ^-substituted amines having 

different substiments selected from alkyl,- substituted alkyl, aryl. substituted 
aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted 
heterocyclic and amino groups on the substituted aryl blocked by conventional 
blocking groups such as Boc, Cbz, formyl, and the like or substituted with - 

2 5 SOjNRR where R is hydrogen or alkyl. 

"Heteroaryloxy" refers to the group -O-heteroaryl and "substituted 
heteroaryloxy" refers to the group -O-snbs&tuted heteroaryl. 

3 o "Heterocyele" or "heterocyclic" refers to a saturated or unsaturated 

group having a single ring or multiple condensed rings, from I to 10 carbon 
atoms and from .1 to 4 hetero atoms selected from nitrogen, sulfur or oxygen 
within the ring wherein, in fused ring systems, one or more of the rings can 
be aryl or heteroaryl, 
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"Substituted heterocyclic" refers to heteroeyele groups which are 
substituted with from 1 to 3 substituents selected from the group consisting 
of oxo (~0), mioxo (~S), alfcoxy, substituted alkoxy, acyl, aeylammo, 
miQearbonylamhio, acyloxy, amino, amidino, alkylaniidino, mioaniidmo, 
aminoacyl , amirnxarbonylamino , aminothiocarbonylamino, 
aatinocarboayloxy, aryl, substituted aryl, aryloxy, substituted axyloxy, 
aryloxyaryl. substituted aryloxyaryl, halogen, hydroxy! cyano, Mtro, 
carboxyl, carboxylaikyi, carboxyi-substituted alkyl, carboxyi-cycloalkyl, 
carboxyi-substituted cydoalkyl, carboxylaryl, carboxyi-substituted aryl, 
earboxylheteroaryl, carboxyi-substituted heteroaryl, earboxymeteroeyelie, 
carboxyi-substituted heterocyclic, cycloalkyi, substituted cycloalkyl, 
guanidme, guanidmosulibne, thiol, thioalkyl, substituted thioaikyl, thioaryl, 
substituted thioaryl, thiocycloalkyl, substituted thiocycloalkyl, diioheteroaryl, 
substituted diioheteroaryl, fbioheteroeyclic, substituted thioheterocyelic, 
heteroaryl, substituted heieroary! heterocyclic, substituted heterocyclic, 
cycloalkoxy, substituted cycloalkoxy, heteroaryloxy, substituted 
heteroaryl oxy, heterocyclyloxy , substi luted heterocyclyloxy , 
oxycarbony lamina, oxythiocarbonylaraino, -OS(0) r aikyl, ~OS(0) r substituted 
alkyl, -OS(0) r aryi, -OS(0) r substituted aryl, ••OS<0) r heteroaryI, -0S(0) r 
substituied heteroaryl, ~OS(0) 2 -heterocyelic, -OS(0) 2 -substituted heterocyclic, 
-OS0 2 -MRR where R is hydrogen or alkyl, -NRSiO) r alkyi f 
-NRS(0) r substituted alkyl, -NRS(0) r aryl s -NRS{0) r substituted aryl, 
-NRS(0) r heteroaiyl, -NRS(0) 2 -subsdtuted heteroaryl, 
-NRS(0) 2 -heierocyclic , -NRS(0} 2 -substituted heterocyclic , 
-NRS(0) r NR-alkyl, -NRS<0) r NR-substituted alkyl -NRS(0),-NR-aryi, 
-NRS(0) 2 -NR-substituted aryl, -NRS(0) r NR-heteroaryl, -NRS(0) 2 -NR- 
substittited heteroaryl, -NRS<0) r NR-heterocyclic s -NRS{0) r NR-substituted 
heterocyclic where R is hydrogen or alkyl, mono- and di-alkylamino, mono- 
and di-(suhstituted alkyl)amino, mono- and di-arylarako, mono- and di- 
substituted arylamino, mono- and di-heteroarylanimo, mono- and di- 
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substituted heteroarylatnino, mono- and di-iieterocyclic amino, mono- and di- 
suhstituted heterocyclic amino, umymmetric di-substituted amines having 
different substituents selected from alfcyl, substituted alkyi, aryl, substituted 
aryL heteroaryl, substimted heteroaryl, heterocyclic and substituted 
heterocyclic and substituted alkynyl groups having amino groups blocked by 
conventional blocking groups such as Boc, Cbz, formyl, and the like or 
alkynyl/substituied alkynyl groups substituted with -SGj-alkyt, ~SO r 
substirated alkyi, -S0 2 -alkenyl, ~S0 2 ~substttuted alkenyi, -SO r cycloalkyl t 
-SO r substituted cycloalkyl, -S0 2 -aryl, -SO r substituted and, -SO,-heteroaryl, 
~SO r substituted heteroaryl, -SO a 4ielerocyclie, -SOrsubstituted heterocyclic 
and -SCXNRR where R is hydrogen or alkyi. 

Examples of heterocycles and heteroaryis include, but are not limited 
to, azetidtne, pyrrole, imidazole, pyrazoie, pyridine, pyrazine, pyriraidine, 
pyridazine, indolizme, isoindole, indole, dihydroindole, indazole, purine, 
quinolizine, isoquinoline, quinoline, phflialazine, naphthylpyridine, 
qumoxaline, quinazoline, cinnoline, pteridine, carbazole, carboline, 
phenantiiridine, acridine, phenanthrolme, isothiazole, phenazine, isoxazole, 
phenoxazine, phenothiazine, imidazoiklme, imidazoline, piperidine, 
piperazine, indoline, phthaliraide, 1,2,3,4-teti'ahydroisoquinoIme, 4,5,6,7- 
tetrahydrobenzo[Ti3diiophene, duazole, diiazolidme, diiophene, 
benzo[b]thiophene, morphoiino, thiomorpholino, piperidinyL pyrrolidine, 
tetrahydrofuranyl, and the like, 

"Heteroeyclyioxy" refers to die group -O-heterocycUc and "substituted 
heterocyclyloxy" refers to the group -O-substituted heterocyclic. 

"Thiol" refers to the group -SIL 



"Thioalkyr or "alkyl&io" refers to ure groups ~S~alkyl 
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"Substituted thioalkyp refers to the group -S-substituted alkyl. 

"Alkylsulfoxy" refers to the group ~SG~alkyl. 

"Substituted alkylsulfoxy" refers to the group -SO-substitoted alley!, 

"Alkylsulfonyr refers to the group -S0 2 -alkyl. 

"Substituted atkylsulfotry!" refers to the group -SQ 2 -substituted alkyl, 

"Thioeycloalkyl" refers to the groups -S-cycloaikyl. 

"Substituted driocycloalkyr refers to die group ~S~substi luted 
eycloalkyl. 

"ThtoaryJ" refers to the group -S-aryl and "substituted thioaryi" refers 
to the group -S-substituted aryl. 

"TMoheteroary! " refers to the group -S-heteroaryl and "substituted 
thioheteroaryF refers to the group -S-substituted heteroaryl. 

"TMoheteroeyciic" refers to the group -S-heterocyclic and "substituted 
thioheteroeyclic" refers to the group -S-substttuted heterocyclic . 

"Alkykuiiiuo" or "subtituted alkylaraino" refers to the group -NHR 
wherein R is alkyl or substituted alkyl groups respectively as defined above, 

"Dialkylammo" or "substituted dialkylamino" refers to the group 
-NRR wherein each R is alkyl or substituted alkyl groups respectively as 
defined above, 
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"AikylsttifonyiamiiJo" or "subtituted ajBsylsiilfonyIa»uno 9 refers to the 
group ~NHS0 2 R wherein R is alkyl or substituted atkyl groups respectively as 
defined above. 

"N-AlkylsuJfonyl-N-alkylainino" refers to the group ~NRSG 2 R a 
wherein R and R* are independently alkyl wherein alkyl is as defined above. 

"Subtituted N-aikylsulfonyl-N-alkylamiiiQ" refers to the group ~ 
NRSCXR 3 wherein R and R a are independently alkyl or substituted alkyl 
groups wherein substituted alkyl. is as defined above. 

"Pharmaceutically acceptable salt" refers to pharmaceutical].}' 
acceptable salts of a compound of Formula I which salts axe derived from a 
variety of organic and inorganic counter ions well known in the art and 
include, by way of example only, sodium, potassium, calcium, magnesium, 
ammonium, tetraalkylammonium, and the like; and when the molecule 
contains a basic functionality, salts of organic or inorganic acids, such as 
hydrochloride, hydrobromide, tartrate, mesylate, acetate, maleate, oxalate 
and the like. 



Compound Preparation 

The compounds of this invention can be prepared from readily 
available starting materials using die following general methods and 
procedures. It will be appreciated that where typical or preferred process 
3 0 conditions (i.e. , reaction temperatures, times, mole ratios of reactants, 

solvents, pressures, etc.) are given, other process conditions can. also be used 
unless otherwise stated. Optimum reaction conditions may vary with the 
particular reactants or solvent used, but such conditions can be determined by 
one skilled in the art by routine optimization procedures. 
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Ad&MonaHy, as will be apparent to those skilled in the art, 
conventional protecting groups may be necessary to prevent certain functional 
groups from undergoing uudesired reactions. Suitable protecting groups for 
various functional groups as well as suitable conditions for protecting and 
deprotecting particular functional groups are well .known in the art. For 
example, numerous protecting groups are described in T. W. Greene and G, 
M. Wufs, Protecting Groups in Organic Synthesis, Second Edition, Wiley, 
New York, 1991, and references cited therein. 

Furthermore, the compounds of this invention will typically contain 
one or more chiral centers. Accordingly, if desired, such compounds can be 
prepared or isolated as pure stereoisomers, i.e., as individual enantiomers or 
diastereoxners, or as stereoisomer-enriched mixtures. All such stereoisomers 
(and enriched mixtures.) are included within the scope of this invention, unless 
otherwise indicated. Pure stereoisomers (or enriched mixtures) may be 
prepared using, for example, optically active starting materials or 
stereoselective reagents well-known in die art. Alternatively, racemic 
mixtures of such compounds can he separated using, for example, chiral 
column chromatography, chiral resolving agents and the like. 

In a preferred method of synthesis, the compounds, (la) or (lb) of mis 
invention are prepared by coupling an amino acid derivative of the formula 
(a) or (b) respectively: 
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(a) (b) 

where Ar 2 , dug B, C, R', R 2 are as defined herein and P l is a 

1 o earboxylic acid protecting group (such as an alkyl group, i.e. methyl, ethyl 

and the like), with a suitably functionalized hetemaryl or heterocyclic 
intermediate. For example, such coupling reactions may be performed by 
displacing a leaving group, such as ehloro, bromo, iodo, tosyl and the like, 
from the heteroaryl or heterocyclic intermediate with the amino group of fee 
1 5 amino acid derivative; or by reductive alleviation of the amino group of amino 

acid derivative with a carbonyl-fiinctionalized intermediate. Such coupling 
reactions are well-known to those skilled in die art. 

By way of illustration, the synthesis of a representative compound of 

2 0 formula la is shown in Scheme L 
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Scheme 1 




As shown in Scheme 1 , 5-mtrouracil, I, (commercially available from 
Aidrich Chemical Company, Milwaukee, Wisconsin USA) is treated with 
phosphorus oxychloride and A^Akiimetliylaniline according to the procedure 
described in Wluttaker, X Qtem. Soc. 1951, 1565 to give i,3-dichloro-4- 
10 nltropyriraidine, 2. 
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l s 3-DicWom-4-mtrop>Trmiidine s 2, is then reacted wife about one 
molar equivalent of an amino acid derivative of the formula (a) or (b) shown 
above in the presence of a trialkyiamine, such as diisopropylediylamrae 
(DIEA). Topically, this reaction is conducted in an inert diluent, such as 
didiloromethaoe, at a temperature ranging from about 0°C to about 10°C for 
about 5 min. to about 6 hours to afford intermediate 3 where X is -OP J . 

The nitro group of intermediate 3 is then reduced using a conventional 
reducing agent, such as hydrogen and a palladium on carbon catalyst. When 
hydrogen and palladium on carbon are employed as the reducing agent, die 
chioro group of intermediate 3 is also removed. This reaction is typically 
conducted by contacting 3 with a Degussa- -type palladium on carbon catalyst 
(typically 20%) and excess sodium bicarbonate in an inert diluent, such as 
methanol, under hydrogen (typically about 55 psi) for about 12 to 36 hours at 
ambient temperature to afford amino intermediate 4. 

Amino intermediate 4 is men reacted with a sulfonyl chloride of the 
formula: R 5 -S{0) 2 -C1, where R 5 is as defined herein, to provide sulfonamide 
intermediate 5. This reaction is typically conducted by reacting the amino 
intermediate 4 with, at least one equivalent, preferably about 1 . i to about 2 
equivalents, of the sulfonyl chloride in an inert diluent such as 
dichloromeihane and die like. Generally, the reaction is conducted at a 
temperature ranging from about -70°C to about 40 C C for about ! to about 24 
hours. Preferably, this reaction is conducted in the presence of a suitable 
base to scavenge die acid generated during the reaction. Suitable bases 
include, by way of example, tertiary amines, such as triethylainine, 
diisopropylethyiamine, A?-methylmorpholine and the like. Alternatively, the 
reaction can be conducted under Scliotxen-Baumann-type conditions using 
aqueous alkali, such as sodium hydroxide and the like, as the base. Upon 
completion of the reaction, the resulting sulfonamide 5 is recovered by 
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conventional methods including neutralization, extraction, precipitation, 
chromatography, filtration, and the like. 

Other heteroaryl intermediates may also toe employed in the above 
described reactions including, but not limited to, 2-chloro-3-nitK>pyrazine (J. 
Med, Chem. 1984, 27, 1634): 4-chloro-5-nitroiniidazoIe (J. Chem. Soc, 
1930, 268); and the like. 

The amino acid derivatives (a) or (b), employed in the above reactions 
can be prepared from known amino acids or by known mediods for the 
preparation of amino acids. For example, amino acid derivatives (a) or (b) 
where Ar 1 is aryl, specifically phenyl, can be prepared from commercially 
available 4 , -iodophenylalanme (Aldrich) as follows. 4'-Iodophenylalamne is 
first converted in two steps to give N-tert-butoxyearbonyl-4'- 
iodophenylalamjie methyl ester (see., I Am. Chem. Soc. 1992, 114(19), 
7597-7598) . The latter compound is then reacted with a suitably substituted 
(ti-ialkylstaimyl)-heterocycle (see., J. Org. Chem. 1994, 5.9(20), 5905-5911) 
or a suitably substituted (dihydroxyboronyDheterocycle (see., Tet. Lett. 1993, 
54(13), 2127-2130), utilizing a palladium catalyst to form a carbon-carbon 
bond, to give an N~te/t-butox}Tarbonyl-4 , -(heterocycIyl)-phenylalaiune 
methyl ester. (A detailed description of the syrhhesis of N-tert- 
butoxyctirboiiyl~4-(l-mewyl-4-me 

methyl ester is provided in working examples.) The latter compound can be 
reacted with hydrogen chloride to give the hydrochloride salt of a 4'- 
heu roc; lyl >phen\ lalanme methyl ester, which would be suitable for use in a 
reaction described above. 

Alternatively for example, N-te/'f-butoxycarbonyl-4 5 - 
iodophenylalanme methyl ester can be converted hi one step to give either N- 
f^butoxycarbonyl~4Mtrte methyl ester (see. , 
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5 Syn. Lett. 1997, (7), 1403-1405) or N-/^rt-butoxycarbonyl-4'- 

(piaacolatoboroao)phen.yIa!anine methyl ester (see., Tel. Lett. 1999, 40(2), 
213-216). Either of the latter compounds could be reacted with a suitably 
substituted iodoheterocycle or broraoheterocyele, utilizing a palladium 
catalyst to form a carbon-carbon bond, to give an N-tert-butoxycarbonyl~4 s - 

10 (heterocyclyOphenylalamne methyl ester {see., Syn. Lett. 1997, (7), 1403- 

1405; Tetrahedron Lett. 1999, 40(2), 213-216). The tert-buioxyearhonyl 
group of the latter compound could be removed as described above. 
Alternatively for example, N-te^butoxycarb*myl-4 5 -iodophenylaLariine 
methyl ester could be reacted with a suitably substituted heterocycle featuring 

is an N-H group, utilizing a copper catalyst to form a carbon-nitrogen bond, to 

give an N-tert-butoxycarbonyi-4'-(heterocyclyl)phenylalanine methyl ester 
(see., J. Med. Chem. 199H, 41(13), 2268-2277). The fc/t-butoxycarbonyl 
group of the latter compound could be removed as described above. 
Alternatively, for example, commerically available 4 '-mtrophenylalanine 

2 0 (Aldrich) could be converted in three steps to N-tert-butoxycarbonyl-4'-- 

airunophenylalaniue methyl ester (see., J. Org. Chem. 1999, 64(10), 3467- 
3475). The latter compound could be reacted with an omega-haloalkyl- 
isocyanate to give an N-^r/-butoxycarbonyl-4'-{oniega- 
haloalkydamkocarbonyi-)amino)~phenylalanine methyl ester (see., Khim. 

25 Farm. Zit. 1984, 18(12), 1432-1436). The latter compound could be reacted 

with sodium hydride to give an N-^t-btuoxycarbonyl~4'~(l,3-diaza-2~ 
oxoalicycly ^phenylalanine methyl ester (see., Bioorg. Med, Chem. Lett. 
1999, 9(5), 749-754). The tetf-butoxycarbonyl group of the latter compound 
could be removed as described above, 

30 

For example, ammo acid derivatives (a) or (b) where Ar 1 is 
heteroaryi, these can be prepared by methods well known in the art. For 
example, the procedures of SehowetaL (X Org. Chem. 1994, 59(22), 6850- 
6S52) or die procedures of Ye etaL (X Org. Chem. 1995, 60(8), 2640-2641) 
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5 or fee procedures of Myers ex al. (J. Org. Chem. 1996, 61(22), 813-815) may 

be used to prepare 5~hydroxypyridin~2~ylalaat3ie. Using standard procedures, 
the carboxyl group could be protected with a methyl ester, and the amino 
group could he protected with terf-butoxycafbonyl group. The procedure of 
Ksander ei ah (/, Med. Chem. 1995, 38(10), 1689-1700) could be used to 
10 convert the phenol of such a protected derivative into a Inflate. The 

procedure of Firooznia et al. (Tet. Lett. 1999, 40(2), 213-216) could he used 
to convert the triflate into pinacolatoborono derivative. As described above, 
the pinacolatoborono derivative could he applied in a palladium catalyzed 
coupling with a suitably substituted iodoheterocycle or bromoheterocycie. 

15 

The procedures of Yamano et al. {Tetrahedron. 1992, 45(8), 1457- 
1464) or the procedures of Andrews et al, (X Chem.. Soc. Perkin Tram. 1. 
1995, 11, 1335-1340) may be used to prepare 2-hydroxypyridm~2~ylalamne. 
Using procedures described above, this could be converted into a protected 
2 0 pinacolatoborono derivative, which could be applied in a palladium catalyzed 

coupling wife a suitably substituted iodoheterocycle or bromoheterocycie. 

The procedures of Shiotani et al. (J. Org. Chem. 1997, 34(3), 941- 
952) could be used to prepare a pyridin-2-one fused via the 4 and 5 positions 

25 with a ieti'ahydroftiran. Following methods described in the working 

examples, this compound could be elaborated into a l-methyl-3-iodopyridin- 
2-one fused via the 4 and 5 positions with a tetrahydromran. As described 
above, this compound could be applied in a palladium catalyzed coupling with 
a suitably protected pinacolatoborono phenylalanine or a suitably protected 

30 pinacolatoborono heteroajylalanhie. 

The procedures of Adembri (J. Chem, Soc. PerMn Trans. 1. 1975, 
2190-2194) could be used to prepare a pyridin-2-one fused via the 4 and 5 
positions with an isoxazole. Following methods described in die working 
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examples, this compound could be elaborated into a l-methyl-3-iodopyridin- 
2~one fused via die 4 and 5 positions with an isoxazole. As described above, 
this compound could be applied in a palladium catalyzed coupling with a 
suitably protected pmaeoiatoborono phenylalanine or a suitably protected 
pinacolatoboronoheteroaryialanme. 

The procedures of Dorofeenko et al. (Khim. GeterotsiU, Soedin. 
1976,. 533) could be used to prepare a pyridtn-2-one fused via fee 4 and 5 
positions with a furan. Following methods described in fee working 
examples, this compound could be elaborated into a l-methyl-3-iodopyridin- 
2-oae fused via fee 4 and 5 positions wife an isoxazole. As described above, 
this compound could be applied in a palladium catalyzed coupling wife a 
suitably protected pinaeolatoborono phenylalanine or a suitably protected 
pinacolato heteroaryl alanine . 

The sulfonyl chlorides employed in the above reaction are also either 
known compounds or compounds feat can be prepared from known 
compounds by conveudoual synthetic procedures. Such compounds are 
typically prepared from the corresponding sulfonic acid, i.e., from 
compounds of fee formula R 5 -S0 3 H where R 5 is as defined above, using 
phosphorous trichloride and phosphorous pentaehloride. This reaction is 
generally conducted by contacting die sulfonic acid with about 2 to 5 molar 
equivalents of phosphorous trichloride and phosphorous pentaehloride, either 
neat or in an inert solvent, such as dichloromefeane, at temperature in the 
range of about 0°C to about 80 C C for about 1 to about 48 hours to afford the 
sulfonyl chloride. Alternatively, the sulfonyl chloride can be prepared from 
the corresponding thiol compound, i.e., from compounds of fee formula R 5 - 
SH where R 5 is as defined herein, by treating the thiol wife chlorine (Cl 2 ) and 
water under conventional reaction conditions. 
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Examples of sulfonyl chlorides suitable for use in this invention 
include, but are not limited to, meraanesuifonyl chloride, 2-propanesuifonyl 
chloride, 1-butanesutfonyi chloride, beuzenesulfonyl chloride, 1~ 
naphthalenesulfonyl chloride, 2-naphtIialersesulfonyl chloride. p~ 
toluenesuifonyl chloride, o^toluenesulfonyi chloride, 4- 
acefcamidobeszenesulfonyl chloride, 4-amidinobenzenesulf'onyl chloride, 4- 
fe/t-hutvlbeazenes'ulfony! cMoride, 4-bromobenzenesulfonyl chloride, 2- 
carboxybenzenesulfonyl chloride, 4~cyanobenzenesulfoiiyl chloride, 3,4- 
diehlorobenzenestdfonyi chioride, 3,5-dichlorobenzenesulfooyl chloride, 3,4- 
dimemoxybenzenesnlfonyl chloride, 3 ,5-ditrifluoromethylbenzenesulft)nyl 
chloride, 4-tluorobenzeKesulfonyl chloride, 4-mefh.oxybenzenestdfoayl 
chloride, 2-ineihoxycarbonylben2enesidfonyl chloride, 4- 
methylamidobenzenesulfonyl chloride, 4-mtrobenzenesulforryi chloride, 4- 
thioamidobeiizeiiesulfonyl cliloride, 4-tri.fluoromethylbenzenestilfonyl 
chloride, 4~trifiuoromethoxybenzeiie8ulfoHyi chioride, 2,4,6- 
trimethylbeDzeuesulfonyl chloride, 2-pheayietlianesolfonyI chloride, 2- 
thiophenesulfonyl chloride, 5-chloro-2-thiophenesulfonyl chloride, 2,5- 
dichloro-4-diiopheftesBifonyi chloride, 2-ihiazoIesulfo.nyl chloride, 2-methyl- 
4-tbiazolesulfonyi chioride, l-metiiyi-4-imidazoiesulfonyl chloride, l-memyl- 
4-pyrazolesulfonyl chloride, 5-chioro-l,3-dime{hyl-4-pyrazolestdfony] 
chloride, 3-pyridmesulfonyl chloride, 2-pyr«nidinesulfonyl chloride and the 
like. If desired, a sulfonyl fluoride, sulfonyl bromide or sulfonic acid 
anhydride may be used in place of the sulfonyl chloride in the above reaction 
to form the sulfonamide intermediate 5. 

If desired, sulfon «ni It nh nnediate 5 can be alkylated at the 
sulfonamide nitrogen atom to provide compound 6. For example, 5 can be 
contacted wifl ex( I azomethane (generated, for example, using l-mediyi~ 
3~nitro-l-mtTosoguanidine and sodium hydroxide) to alford 6 where R y is 
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metbyi. Other conventional alkylation procedures and reagents may also be 
employed to prepare various compounds of this invention. 

In another preferred embodiment, compounds of mis invention (la) 
may be prepared by displacement of a leaving group as shown in Scheme 2: 



Scheme 2 




where B, At\ Ar\ and X are as defined herein; A' is heteroaryl, 
substituted heteroaryl, heterocyclic or substituted heterocyclic containing two 
nitrogen atoms in the heteroaryl or heterocyclic ring; and L ! is a leaving 
group, such as chloro, bromo, iodo, sulfonate ester and the like. 

Typically, feis reaction is conducted by combining approximately 
stoichiometric equivalents of 7 and 8 in a suitable inert diluent such as water, 
dunemylsulfoxide (DMSO) and the like, with an excess of a suitable base 
such as sodium bicarbonate, sodium hydroxide, etc, to scavenge the acid 
generated by the reaction. The reaction is preferably conducted at from about 
23° C to about 100°C until reaction completion which typically occurs within 
1 to about 24 hours. This reaction is further described in U.S. Patent No. 
3,598,859, which is incorporated herein by reference in its entirety. Upon 
reaction completion, die product 9 is recovered by conventional methods 
including precipitation, chromatography, filtration and the like. 
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In still another alternative embodiment, compomids of this invention 
can be prepared by reductive amination of a suitable 2-oxocarboxylic acid 
ester, 10, such as a pyruvate ester, as shown in Scheme 3: 



Scheme 3 




where B, Ar 1 , At 7 , and X are as defined herein. 

Generally, this reaction is conducted by combining equamolar 
amounts of 10 and 1.1 hi an inert diluent such as methanol, ethanol and the 
like under conditions which provide for imine formation (not shown). The 
imine formed is then reduced nnder conventional conditions by a suitable 
reducing agent such as sodium cyanoborohydride, Hv'palladium on carbon 
and the like to form (lie product 12. In a particularly preferred embodiment, 
the reducing agent is H 2 /patIadium on carbon which is incorporated, into the 
initial reaction medium thereby permitting imine reduction in situ in a one pot 
procedure to provide 12. The reaction is preferably conducted at from about 
20 o C to about. 80°C at a pressure of from 1 to 10 atmospheres until reaction 
completion which typically occurs within 1 to about 24 hours. Upon reaction 
completion, the product 12 is recovered by conventional methods including 
chromatography, filtration and the like. 

Alternatively, certain compounds of this invention can be prepared via 
a rhodium-catalyzed insertion reaction as shown in Scheme 4: 



WO 1)2/08202 



PCT/USOi/23075 



-66» 



Scheme 4 




where A" is heteroaryl or substituted heteroaryl containing two nitrogen 
atoms in die heteroaryl ring, and B, Ar ! , Ar 2 , and X (preferably alkoxy) are 
as defined herein. Typically, this reaction is conducted using rhodium acetate 
dimer, Rh 2 (OAc) 4 , in an inert diluent such as toluene at a temperature ranging 
from about 25 "C to about 80°C for about 1 to 12 hours to afford 15. This 
reaction is described further in B. R. Henke et, al., /. Med. Chem, 199$, 41, 
5020-5036 and references cited therein. 

Similarly, certain compounds of this invention can be prepared by the 
copper-catalyzed coupling reaction shown in Scheme 5: 



Scheme 5 




16 17 15 



where A" is as defined herein, X 3 is halogen, such as chloro, bronio or iodo 
(preferably iodo) and B, Ar 1 , Ar 2 , and X {preferably alkoxy) are as defined 
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herein. Typically, this reaction is conducted using copper iodide (Cul) and 
potassium carbonate in an inert diluent such as iV.JV-dimethyl acetamide 
(DMA) at a temperature ranging from about 6G n C to about 120°C for about 
12 to 36 hours to afford 15. This reaction is described further in IX Ma et, 
aL, /. Am. Chem, Soc, 1998, 120, 12459-12467 and references cited therein. 
It should be recognized by on one skilled in the art. that although Applicants 
have depicted use of amino acid of formula (a) in the above schemes that one 
could readily use amino acid of formula (h) in the above reactions to get to 
compound of Formula (lb). 

For ease of synthesis, the compounds of this invention are typically 
prepared as an ester, i.e., where X is an allcoxy or substituted alkoxy group 
and the like. If desired, the ester group can be hydrolysed using conventional 
conditions and reagents to provide the corresponding carboxyKc acid. 
Typically, this reaction is conducted by treating the ester with at least one 
equivalent of an alkali metal hydroxide, such as lithium, sodium or potassium 
hydroxide, in an inert diluent, such as methanol or mixtures of methanol and 
water, at a temperature ranging about 0 C C to about 24°C for about 1 to about 
12 hours. Alternatively, benzyl esters may be removed by hydrogeaolysis 
using a palladium catalyst, such as palladium on carbon, and tert-buty\ esters 
can be removed using formic acid to afford the corresponding carboxylic 
acid. 

As will be apparent to those skilled hi the art, other functional groups 
present on any of die substhuents of the compounds of formulas MI can be 
readily modified or derivatlzed either before or after the above-described 
synthetic reactions using well-known synthetic procedures. For example, a 
nitre group present on a substitoent of a compound of formula I-H or an 
intermediate thereof may be readily reduced by hydrogenation in the presence 
of a palladium catalyst, such as palladium on carbon, to provide the 



WO 1)2/08202 



PCT/USOi/23075 



- 68 - 

corresponding amino group. This reaction is typically conducted at a 
temperature of from about 20 to about 50 °C for about 6 to about 24 hours 
in an inert diluent, such as methanol. Compounds having a nitro group on 
Hie Ar substituent can be prepared, for example, by using a 4~ 
niti-ophenylalanirje derivative and the like in the above-described coupling 
reactions. 

Similarly, a pyridyi group can be hydrogenated in the presence of a 
platinum catalyst, such as platinum oxide, in an acidic diluent to provide the 
corresponding piper idinyl analogue. Generally, this reaction is conducted by 
treating the pyridine compound with hydrogen at a pressure ranging from 
about 20 psi to about 60 psi, preferably about 40 psi, in the presence of the 
catalyst at a temperature of about 20°C to about 50°C for about 2 to about 24 
hours in an acidic diluent, such as a mixture of methanol and aqueous 
hydrochloric acid. 

Additionally, when the Ar 1 substituent of a compound of formula MI 
contains a primary or secondary amino group, such amino groups can be 
further derivatized eidier before or after the above coupling reactions to 
provide, by way of example, amides, sulfonamides, ureas, thioureas, 
carbamates, secondary or tertiary amines and the like. Compounds having a 
primary amino group on the Ar 1 substituent may be prepared, for example, 
by reduction of the corresponding nitro compound as described above. 

By way of illustration, a compound of formula I-II or an intermediate 
thereof having a substiment containing a primary or secondary amino group, 
can be readily A'-acylated using conventional acylatiog reagents and 
conditions to provide die corresponding amide. This aeylation reaction is 
typically conducted by treating the amino compound with at least one 
equivalent, preferably about LI to about 1.2 equivalents, of a carboxylie acid 
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5 m the presence of a coupling reagent such as a carbodiimide, BOP reagent 

(beazotrkzol-l-yloxy-^ 

hexafluorophosphonate) and the like, in an inert diluent, such as 
dicMoromethane, cMoroform, aeetonitrile, tetrahydrofuran, jV,A- 
dimethylformaniide and the like, at a temperature ranging from about 0°C to 

10 about 37°C for about 4 to about 24 hours. Preferably, a promoter, such as 

A^wdroxysuccinkmde, 1-hydroxy-benzoitiazole and the like, is used to 
facilitate the aeyladon reaction. Examples of carhoxylic acids suitable for use 
in this reaction include, but are not limited to, N~tert~ 
butyl xyearbonyiglyeine, AVert-butyloxycarbonyl-L-phenyManirte, N-tert- 

15 butyIoxycarbonyl-L~aspartic acid benzyl ester, benzoic acid, N-tert- 

1 tso > i 1 A I s >ecotk 

butyloxycarbonylnipecotic acid, A f -?m-butylox>xarbonyi-L- 
tetrahydroisoqumoliiie-3-carboxylic acid, A-(toiuene-4-siilfonyl)-L~pro]me 
and the like. 

20 

- Alternatively, a compound of formula I-H or an intermediate thereof 
containing a primary or secondary amino group can be AT-acylated using an 
acyl halide or a carboxylic acid anhydride to form the corresponding amide. 
This reaction is typically conducted by contacting the amino compound with 

25 at least one equivalent, preferably about 1 . 1 to about 1 .2 equivalents, of the 

acyl halide or carboxylic acid anhydride in an inert diluent, such as 
dfcMorotne&ane, at a temperature ranging from about -7G°C to about 40 C> C 
for about 1 to about 24 hours. If desired, an acylation catalyst such as 4- 
{A T ,A-dimethylamino)pyridine may be used to promote the acylation reaction. 

3 0 The acylation reaction is preferably conducted in die presence of a suitable 

base to cavenge the ack i on Sir table bases 

include, by way of example, tertiary amines, such as triethyiarnrae, 
diisopropylethylamine, A^methyimorpholine and the like. Alternatively, the 
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reaction can be conducted under Schotten-Baumami-type conditions using 
aqueous alkali, such as sodium hydroxide and the like. 

Examples of acyl haiides and carboxylic acid anhydrides suitable for 
use in this reaction include, but are not limited, to, 2-ffiethylpropionyl 
chloride, trimethylacetyl chloride, phenylaeetyl chloride, benzoyl chloride, 2- 
bromoberaoyl chloride, 2~methylbenzoyl chloride, 2-trirluoro-methylbenzoyl 
chloride, isouicohhoyl chloride, nicoiinoyl chloride, picolinoyl chloride, 
acetic anhydride, succinic anhydride, and the like. Carbamyl chlorides, such 
as iVV^dhnethylcarbamyi chloride, A r ,]V-diethylcarbainyl chloride and the 
like, can also be used in this reaction to provide ureas. Similarly, 
diearbonates, such as di~ft?/t>buiyl dicarbonate, may be employed to provide 
carbamates, 

In a similar manner, a compound of formula MI or an intermediate 
thereof containing a primary or secondary amino group may be tf-sulfonated 
to form a sulfonamide using a sulfonyl halide or a sulfonic acid anhydride. 
Sulfonyl haiides and sulfonic acid anhydrides suitable for use in this reaction 
include, but are not limited to, methanesulfonyl chloride, 
chloromeihanesulfonyl chloride, p-toiuenesulfonyl chloride, 
irifluoromeraanesulfonic anhydride, and the like. Similarly, sulfamoyl 
chlorides, such as dimemyisulfamoyi chloride, can be used to provide 
sulfamides (e.g., >N-SO r N<). 

Additionally, a primary and secondary amino group present on a 
substituent of a compound of formula 1.-11 or an intermediate thereof can be 
reacted with an isocj *i ite or t i noisocyanate to give a urea or thiourea, 
respectively. This reaction is typically conducted by contacting die amino 
compound with at least one equivalent, preferably about 1.1 to about 1.2 
equivalents, of the isocyanate or ihioisocyanate in an inert diluent, such as 
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toluene and the like, at a temperature ranging from about 24 C to about 37 °C 
for about 12 to about 24 hours. Hie isocyanates and thioisocyanates used in 
this reaction are commercially available or can be prepared from 
commercially available compounds using well-known synthetic procedures. 
For example, isocyanates and thioisocyanates are readily prepared by reacting 
the appropriate amine with phosgene or miophosgene. Examples of 
isocyanates and thioisocyanates suitable for use in this reaction include, but 
are not limited to, ethyl isocyanate, >*~propyl isocyanate, 4-eyanoplienyl 
isocyanate, 3-nieihoxyphenyl isocyanate, 2-pheayleroyl isocyanate, methyl 
thioisocyanate, ethyl thioisocyanate, 2-pheuylethyl thioisocyanate, 3- 
phenylpropyl thioisocyanate, 3-(MA i: -diethylamino)propyl thioisocyanate, 
phenyl diioisocyanate, benzyl thioisocyanate, 3-pyridyi thioisocyanate, 
fluorescein isotlhocyanate (isomer 1) and the like. 

Furthermore, when a compound of formula MI or an intermediate 
thereof contains a primary or secondary amino group, die amino group can be 
reductive!}' alkylated using aldehydes or ketones to form a secondary or 
tertiary amino group. This reaction is typically conducted by contacting the 
amino compound with at least one equivalent, preferably about. 1.1 to about 
L5 equivalents, of an aldehyde or ketone and at ieast one equivalent based on 
the amino compound of a metal hydride reducing agent, such as sodium 
cyanoborohydride, in an inert diluent, such as methanol, tetrahydrofuran, 
mixtures thereof and the like, at a temperature ranging from about 0*C to 
about SCFC for about 1 to about 72 hours. Aldehydes and ketones suitable 
for use in this reaction include, by way of example, benzaldehyde, 4~ 
chlorobenzaldehyde, valeraldehyde and the like. 

In a similar manner, when a compom on ala HI or an 
intermediate thereof has a substituent containing a hydroxy! group, the 
hydroxyl group can be further modified or derivatized either lie fore or after 
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the above coupling reactions to provide, by way of example, ethers , 
carbamates and fee like. 

By way of example, a compound of formula I-H or an intermediate 
thereof having a substituent containing a hydroxy! group, such as where the 
lactam ring is 4-hydroxypyridone group, can be readily 0-alkyiated to form 
ethers. This O-alkyiation reaction is typically conducted by contacting the 
hydroxy compound with a suitable alkali or alkaline earth metal base, such as 
potassium carbonate, in an inert diluent, such as acetone, 2-butanone and the 
like, to form the alkali or alkaline earfh metal salt of the hydroxy! group. 
This salt is generally not isolated, but is reacted in situ with at least one 
equivalent of an alkyl or substituted alkyi haiide or sulfonate, such as an alkyl 
chloride, bromide, iodide, mesylate or tosylate, to afford die ether. 
Generally, mis reaction is conducted at a temperature ranging from about 
60'C to about 150X for about 24 to about 72 hours. Preferably, a catalytic 
amount of sodium or potassium iodide is added to the reaction mixture when 
an alkyl chloride or bromide is employed in the reaction. 

Examples of alkyl or substituted alkyi halides and sulfonates suitable 
for use in this reaction include, but are not limited to, tert-tmiyl 
bromoacetate, N-teri-buly) chloroaeetamide, 1-bromoethylbenzene, ethyl «- 
bromophenylacetate, 2-(iV-ethyl-A r -phenylammo)ethyl chloride, 2-(N,N- 
emyIamrao)ethyl chloride, 2-(A r ,A-diisopropylarnino)ethyl chloride, 2-(N r N~ 
dibenzylanuno)ethyl chloride, 3-(/V,/V-ethy!amino)propyI chloride, 3~(N- 
beiizykV-meth> la niao)piopy! chloride, A r -(2-chloroethyl)morphoMne, 2- 
(hexamethyleneimino)ethyl chloride, 3-(iV-methylpiperazine)propyi chloride, 
1 ■■(3-chIorophenyl)~4-(3-chloropropyI)piperazme , 2-(4-hydroxy-4- 
phenylpiperidtne)ethyl chloride, A^fe/t-bntyloxycarbonyl-a-piperidniemeihyl 
tosylate, and Ore like. 
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Alternatively, a hydroxy! group present on a substituent of a 
compound of formula I-II or an intermediate thereof can be O-alkylatiug 
using die Mitsunobu reaction. In this reaction, an alcohol, such as 3-(N,N- 
dimeuiylammoH-propanol and the like, is reacted with about 1.0 to about 
1 ,3 equivalent" f tri '^-m Iphosphine and about .1 .0 to about 1.3 equivalents 
of diethyl azodicarboxylate in an inert diluent, such as tetrahydxoraran, at a 
temperature ranging from about -1.0°C to about 5°C for about 0.25 to about 1 
hour. About i>0 to about 1,3 equivalents of a hydroxy compound, such as A r - 
rert-buryltyrosine methyl ester, is then added and the reaction mixture is 
stirred at a temperature of about 0°C to about 30 C C for about 2 to about 48 
hours to provide the O-alkylated product. 

In a similar manner, a compound of formula I-II or an intermediate 
thereof containing an aryl hydroxy group can be reacted with an aryl iodide to 
provide a diaryl ether. Generally, mis reaction is conducted by forming the 
alkali metal salt of the hydroxy! group using a suitable base, such as sodium 
hydride, in an inert diluent such as xylenes at a temperature of about -25 °C to 
about 10 6 C, The salt is then treated with about .1 . 1 to about 1 .5 equivalents 
of cuprous bromide dimethyl sulfide complex at a temperature ranging from 
about 10°C to about 30 a C for about 0.5 to about 2.0 hours, followed by 
about 1 . 1 to about 1 .5 equivalents of an aryl iodide, such as sodium 2- 
iodobenzoate and the like. The reaction is then heated to about 70 °C to about 
150 °C for about 2 to about 24 hours to provide the diaryl ether. 

Additionally, a hydroxy -containing compound can also be readily 
derivatized to form a carbamate. In one method for preparing such 
carbamates, a hydroxy compound of formula I-H or an intermediate thereof is 
contacted with about 1.0 to about .1.2 equivalents of 4-nitrophenyI 
cMoroformate in an inert diluent, such as dielilorometbane, at a temperature 
ranging from about -25 a C to about 0°C for about 0.5 to about 2.0 horns. 
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Treatment of the resulting carbonate with an excess, preferably about 2 to 
about 5 equivalent, of a triaikylamme, such as triethylamine, for about 0.5 to 
2 hours, followed by about LO to about 1.5 equivalents of a primary or 
secondary amine provides the carbamate. Examples of amines suitable for 
using in this reaction include, but are not limited to, piperazine, 1~ 
methylpiperazuie, 1-aeetylpipetazine, morpholiue, duomorpholme, 
pyrrolidine, piperidine and die like. 

Alternatively, in another method for preparing carbamates, a hydroxy - 
containing compound is contacted with about 1.0 to about 1.5 equivalents of a 
carbaniyl chloride ia an inert diluent, such as dicmoromethane, at a 
temperature ranging from about 25 °C to about 70°C for about 2 to about 72 
hours. Typically, this reaction is conducted in the presence of a suitable base 
to scavenge the acid generated during die reaction. Suitable bases include, by 
way of example, tertiary amines, such as tiietlwlamine, 
diisopropylefhylaniine, .V-methyimorpholine and the like. Additionally, at 
least one equivalent (based on the hydroxy compound) of 4-(N,N- 
dimethylamino)pyridiue is preferably added to the reaction mixture to 
facilitate the reaction. Examples of carbamyl chlorides suitable for use in this 
reaction include, by way of example, diraethylearbamyl chloride, 
diethylcarbamyl chloride and die like. 

Likewise, when a compound of formula HI or an intermediate thereof 
contains a primary or secondary hydroxy! group, such hydroxyl groups can 
be readily converted into a leaving group and displaced to form, for example, 
amines, sulfides and fluorides. Generally, when a chiral compound is 
employed in these reactions, the stereochemistry at the carbon atom attached 
to the derivatized hydroxy! group is typically inverted. 
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These reactions are typically conducted by first converting the 
hydroxy! group into a leaving group, such as a tosylate, by treatment of the 
hydroxy compound with at least one equivalent of a sulfonyl halide, such as 
p-toluenesulfonyl chloride and the like, in pyridine. This reaction is generally 
conducted at a temperature of from about 0°€ to about 70°C for about I to 
about 48 hours. The resulting tosylate can then be readily displaced with 
sodium azide, for example, by contacting the tosylate with at least one 
equivalent of sodium azide in an inert diluent, such as a mixture of N,N- 
dimethylformamide and water, at a temperature ranging from about 0 a C to 
about 37°C for about 1 to about 12 hours to provide the corresponding azido 
compound. The azido group can then be reduced by, for example, 
hydrogenation using a palladium on carbon catalyst to provide the amino 
(-NH 2 ) compound. 

Similarly, a tosylate group can be readily displaced by a thiol to form 
a sulfide. This reaction is typically conducted by contacting the tosylate with 
at least one equivalent of a thiol, such as duophenol, in the presence of a 
suitable base, such as L8-diazabicyclo[5,4.03undec-7-ene (DBU), in an inert 
diluent, such as A ; ,A r -dimethylfonnaraide, at a temperature of from about 0°C 
to about 37°C for about 1 to about 12 hours to provide the sulfide. 
Additionally, treatment of a tosylate with morpholinosuifur trifluoride in an 
inert diluent, such as dichloromethane, at a temperature ranging from about 
0°C to about 37°C for about 12 to about 24 hours affotxis the corresponding 
fluoro compound. 

Furthermore, a compound of formula HI or an intermediate thereof 
having a substituent containing an iodoaryl group can be readily converted 
either before or after the above coupling i < < iio ii to a blaryl compound. 
Typically, this reaction is conducted by treating the iodoaryl compound with 
about 1 . 1 to about 2 equivalents of an arylzine iodide, such as 2~ 
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5 {mefhoxycarbonyl)phenyIzinc iodide, in the presence of a palladium catalyst, 

such as palladium telxa(Uiphenylphosphme), in an inert diluent, such as 
tetrahydrofuran, at a temperature ranging from about 24 °C to about 30 °C 
until reaction completion. This reaction is further described, for example, in 
Rieke, J. Org. Chem. 1991, 56, 1445, Additional methods for preparing 
10 biaryl derivatives are disclosed in International Publication Number WO 

98/53817, published December 3, 1998, the disclosure of which is 
incorporated herein by reference in its entirety. 

In some cases, the compounds of formula HI or intermediates thereof 
15 ratty contain snbstituents having one or more sulfur atoms. When present, 

such sulfur atoms can be oxidized either before or after the above coupling 
reactions to provide a sulfoxide or suitbne compound using conventional 
reagents and reaction conditions. Suitable reagents for oxidizing a sulfide 
compound to a sulfoxide include, by way of example, hydrogen peroxide, 3- 
2 0 chloroperoxybenzoic acid (MCPBA), sodium periodate and the like. The 

oxidation reaction is typically conducted by contacting the sulfide compound 
with about 0 .95 to about 1.1 equivalents of the oxidizing reagent in an inert 
diluent, such as dichloromethaue, at a teraperarare ranging from about -50 °C 
to about 75 °C for about 1 to about 24 hours. The resulting sulfoxide can 

2 5 then be further oxidized to the corresponding snlfone by contacting the 

sulfoxide with at least one additional equivalent of an oxidizing reagent, such 
as hydrogen peroxide, MCPBA, potassium permanganate and the like. 
Alternatively, the sulfone can be prepared directly by contacting the sulfide 
with at least two equivalents, and preferably an excess, of die oxidizing 

3 0 reagent. Such reactions are described further in March, "Advanced Organic 

Chemistry", 4fhEd„ pp. 1201-1202, Wiley Publisher, 1992. 

Other procedures and reaction conditions for preparing the compounds 
of diis invention are described in the examples set forth below. Additionally, 
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other procedures for preparing compounds useful in certain aspects of this 
invention are disclosed in U.S. Applications Serial Nos. 09/489,377 and 
09/489,378, fled on January 21, 2000, entitled "Compounds Which Inhibit 
Leucocyte Adhesion Mediated by VLA-4" (Attorney Docket Nos, 002010- 
517 and 002010-525); the disclosure of which is incorporated herein by 
reference in its entirety. 

Pharma ceutical Formulations 

When employed as pharmaceuticals, the compounds of this invention 
are usually administered hi die form of pharmaceutical compositions, These 
compounds can be administered by a variety of routes including oral, rectal, 
transdermal, subcutaneous, intravenous, intramuscular, and intranasal. These 
compounds are effective as both injectable and oral compositions. Such 
compositions are prepared in a manner well known in. die pharmaceutical art 
and comprise at least one active compound. 

This invention also includes pharmaceutical compositions which 
contain, as die active ingrediem, one or more of die compounds of formula I- 
VII above associated with pharmacemicaily acceptable carriers. In making 
the compositions of this invention, the active ingredient is usually mixed with 
an excipient, diluted by an excipient or enclosed within such a carrier which 
can be in the form of a capsule, sachet, paper or other container. The 
excipient employed is typically an excipient suitable for administration to 
human subjects or other mammals. When the excipient serves as a diluent, it 
can be a solid, semi-solid, or liquid material, which acts as a vehicle, carrier 
or medium for the active ingredient. Thus, the compositions can be in the 
form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, 
suspensions, emulsions, solutions, syrups, aerosols (as a solid or in a liquid 
medium), ointments containing, for example, up to 10% by weight of the 
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active compound, soft and hard gelatin capsules, suppositories, sterile 
injectable solutions, and sterile packaged powders. 

In preparing a formulation, it may be necessary to mill the active 
compound to provide the appropriate particle size prior to combining with the 
other ingredients. If the active compound is substantially insoluble, it 
ordinarily is milled to a particle size of less than 200 mesh. If the active 
compound is substantially water soluble, the particle size is normally adjusted 
by milling to provide a substantially uniform distribution in the formulation, 
e.g. about 40 mesh. 

Some examples of suitable excipients include lactose, dextrose, 
sucrose, sorbitol, mamritol, starches, gnm acacia, calcium phosphate, 
alginates, tragaeandi, gelatin, calcium silicate, nucrocrystalline cellulose, 
polyvinylpyrrolidone, cellulose, water, syrup, and methyl cellulose. The 
formulations can additionally include: lubricating agents such as talc, 
magnesium stearate, and mineral oil; wetting agents; emulsifying and 
suspending agents; preserving agents such as methyl- and propylhydroxy- 
benzoates; sweetening agents; and flavoring agents. The compositions of the 
invention can be formulated so as to provide quick, sustained or delayed 
release of the active ingredient after administration to the patient by 
employing procedures known in the art. 

The compositions are preferably formulated in a unit dosage form, 
each dosage containing from about 5 to about 100 mg, more usually about 10 
to about 30 mg, of die active ingredient. The term "unit dosage forms" refers 
to physically discrete units suitable as unitary dosages for human subjects and 
other mammals, each unit containing a predetermined quantity of active 
material calculated to produce fee desired therapeutic effect, in association 
with a suitable pharmaceutical exeipient. 
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5 The active compound is effective over a wide dosage range and is 

generally administered in a pharmaceuti . ; fective amount. It. will be 
understood, however, that die amount of the compound actually administered 
will be determined by a physician, in the light of the relevant circumstances, 
including the condition to be treated, the chosen route of administration, fee 
10 actual compound administered, the age, weight, and response of the 

individual patient, the severity of the patient's symptoms, and the like. 



For preparing solid compositions such as tablets, the principal active 
ingredient is mixed with a pharmaceutical excipient to form a solid 

1 5 preformulation composition containing a homogeneous mixture of a 

compound of the present invention. When referring to these preformulation 
compositions as homogeneous, it is meant drat the active ingredient is 
dispersed evenly throughout die composition so mat the composition may be 
readily subdivided into equally effective unit dosage forms such as tablets, 

2 0 pills and capsules. This solid preformulation is then subdivided into unit 

dosage forms of die type described above containing from, for example, OJ 
to about 500 mg of the active ingredient of die present invention. 



The tablets or pills of the present invention may be coated or 
25 otherwise compounded to provide a dosage form affording die advantage of 

prolonged action. For example, the tablet or pill can comprise an inner 
dosage and an outer dosage component, the latter being in the form of an 
envelope over the former. The two components can be separated by an 
enteric layer which serves to resist disintegration in the stomach and permit 
30 the inner component to pass intact into the duodenum or to be delayed in 

release, A variety of materials can be used for such enteric layers or 
coatings, such materials including a number of polymeric acids and mixtures 
of polymeric acids with such materials as shellac, cetyt alcohol, and cellulose 
u state. 
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The liquid forms in which the novel compositions of the present: 
invention may be incorporated for administration orally or by injection 
include aqueous solutions suitably flavored syrups, aqueous or oil 
suspensions, and flavored emulsions with edible oils such as cottonseed oil, 
sesame oil, coconut oil, or peanut oil, as well as elixirs and similar 
pharmaceutical vehicles. 

Compositions for inhalation or insufflation include solutions and 
suspensions in phamiaceuriealiy acceptable, aqueous or organic solvents, or 
mixtures thereof, and powders. The liquid or solid compositions may contain 
suitable pharmaeeuticaiiy acceptable excipients as described supra. 
Preferably the compositions are administered by the oral or nasal respiratory 
route for local or systemic effect. Compositions in preferably 
pharmaeeuticaiiy acceptable solvents may be nebulized by use of inert gases. 
Nebulized solutions tnay be breathed directly from the nebulizing device or 
the nebulizing device may be attached to a face masks tent, or intermittent 
positive pressure breathing machine. Solution, suspension, or powder 
compositions may be administered, preferably orally or nasally, from devices 
which deliver the formulation in an appropriate manner. 

The following formulation examples illustrate the pharmaceutical 
compositions of the present invention. 



Hard gelatin capsules containing the following ingredients are 
prepared: 

Quantity 

Ingredient frag/capsule) 

Active Ingredient 30.0 
Starch 305.0 
a stearate 5.0 
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5 The above ingredients are mixed and filled into hard gelatin capsules 

in 340 mg quantities. 

Eomiuktion Exampie_2 

A tablet formula is prepared using die ingredients below: 

10 Quantity 

tog/tablet) 



Active Ingredient 25 .0 

Cellulose, mierocrystailine 200.0 

15 Colloidal silicon dioxide 10.0 

Stearic acid 5.0 

The components are blended and compressed to form tablets, each 
weighing 240 mg. 

20 



A dry powder inhaler formulation is prepared containing die following 



Ingredient KgMl 

Active ingredient 5 
Lactose 95 



The active mixture is mixed with the lactose and rite mixture is added 
to a dry powder inhaling appliance. 

Formulation Example 4 
Tablets, each containing 30 mg of active ingredient, are prepared as 
follows: 

Quantity 

fcgrMie.il? (mg/tablet) 

Active Ingredient 30,0 mg 

•Starch 45.0 mg 
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5 Microcrysialtme cellulose 35.0 mg 
Polyvinylpyrrolidone 

(as 1 0% solution in water) 4.0 mg 

Sodium earboxymethyi starch 4.5 mg 

Magnesium stearate 0,5 mg 

10 Talc t.0 mg 

Total 120 mg 



The active ingredient, starch and cellulose are passed through a No. 
20 mesh U.S. sieve and mixed thoroughly. The solution of polyviny- 
ls pyrrolidone is mixed with the resultant powders, which are then passed 

through a 16 oiesh U.S. sieve. The granules so produced ate dried at 50° to 
60°C and passed through a 16 mesh U.S. sieve. The sodium earboxymethyi 
starch, magnesium stearate, and talc, previously passed through a No. 30 
mesh U.S. sieve, are then added to tire granules which, after mixing, are 
2 0 compressed on a tablet machine to yield tablets each weighing 1 50 mg. 

Formulation Example 5 
Capsules, each containing 40 mg of medicament are made as follows: 



Quantity 

25 Jngiediens flgg/fiapgHle) 

Active Ingredient 40.0 mg 

Starch 109.0 mg 

Magnesium stearate .1.0. nig 

3 0 Total 150.0 mg 



The active ingredient, cellulose, starch, art magnesium stearate are 
blended, passed through a No, 20 mesh U.S. sieve, and filled into hard 
gelatin capsules in 150 mg quantities. 



35 
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S :< m &u.].3t ?: ) 3 Examp le 6 

Suppositories, each containing 25 mg of active ingredient are made as 
follows: 

In gredient A mount 

Active Ingredient 25 mg 

Saturated fatty acid glycerides to 2,000 mg 

The active ingredient is passed through a No. 60 mesh U.S. sieve and 
suspended in the saturated fatty acid glycerides previously melted using the 
minimum heat necessary. The mixture is then poured into a suppository mold 
of nominal 2.0 g capacity and allowed to cool. 

Formula tion 



Suspensions, each containing 50 mg of medicament per 5.0 ml dose are 
made as follows: 



Active Ingredient 50.0 mg 

Xanihan gum 4.0 mg 
Sodium carboxymeftyl cellulose (life) 

Macrocrystalline cellulose <89%) 50.0 mg 

Sucrose 1. 75 g 

Sodium benzoate 10,0 mg 

Flavor and Color q.v. 

Purified water to 5.0 ml 



The medicament, sucrose and xanthan gum are blended, passed through a 
No. 10 mesh U.S. sieve, and then mixed with a previously made solution of 
the macrocrystalline cellulose and sodium carboxymemyl cellulose m water. 
The sodium benzoate, flavor, and color are diluted with some of the water 
and added wife stirring. Sufficient water is then added to produce the required 
volume. 
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Hwulato Example J 



Active Ingredient 15.0 mg 

Starch 407.0 mg 

Magnesium stearate .. 3<Q, nig 

Total 425,0 mg 

The active ingredient, cellulose, starch, and magnesium stearate are 

blended, passed through a No, 20 mesh U.S. sieve, and filled into hard 
gelatin capsules in 560 mg quantities, 

EmimiMojLEsaniplg 9 
An intravenous formulation may be prepared as follows: 

Ingredient Qu antity 

Active Ingredient 250.0 mg 

Isotonic saline 1000 ml 

Formtdatk)ri ExamrjeiO 
A topical formulation may be prepared as follows: 



Ingredient 

Active Ingredient 1-10 g 

Emulsifying Wax 30 g 

Liquid Paraffin 20 g 

White Soft Paraffin to 100 g 



Thewhuc t paral sh it until molten. The liquid paraffin and 
emulsifying wax are incorporated and stirred until dissolved. The active 
ingredient is added and stirring is continued until dispersed. The mixture is 
then cooled until solid. 
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Another preferred formulation employed In the methods of the present 
invention employs transdermal delivery devices ("patches"). Such 
transdermal patches may be used to provide continuous or discontinuous 
infusion of the compounds of the present invention in controlled amounts. 
The construction and use of transdermal patches for the deliver)' of 
pharmaceutical agents is well known in the art. See, e.g.. U.S. Patent. 
5,023,252, issued June 11, 1991, herein incorporated by reference. Such 
patches may be constructed for continuous, pulsatile, or on. demand delivery 
of pharmaceutical agents. 

Direct or indirect placement techniques may be used when it is desirable 
or necessary to introduce the pharmaceutical composition to the brain. 
Direct techniques usually involve placement of a drug delivery catheter into 
die host's ventricular system to bypass die blood-brain barrier. One such 
implantable delivery system used for die transport of biological factors to 
specific anatomical regions of the body is described in U.S. Patent 5,011,472 
which is herein incorporated by reference. 

Indirect techniques, which are generally preferred, usually involve 
formulating the compositions to provide for drug latentiation by the 
conversion of hydrophiHc drugs into lipid-soluble drugs. Latentiation is 
generally achieved through blocking of the hydroxy, carbonyl, sulfate, and 
primary amine groups present on the drug to render the drug more lipid 
soluble and amenable to transportation across the blood-brain barrier. 
Alternatively, the delivery of hydrophilic drugs may be enhanced by 
infra-arterial infusion of hypertonic solutions which can transiently open the 
blood-brain barrier. 
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5 Hiiii^ 

The compounds of this invention can be employed to hind VLA-4 (a 4 p, 
integral) in biological samples, i.e., tlie compounds bind VLA-4 with an IC j0 
of 15 {M or less in a competitive binding assay as described herein. 
Accordingly, these compounds have utility in, for example, assaying such 

10 samples for VLA-4. In such assays, the compounds can be bound to a solid 

support and tire VLA-4 sample added thereto. The amount of VLA-4 in the 
sample can be determined by conventional methods such as use of a sandwich 
ELISA assay. Alternatively, labeled VLA-4 can be used in a competitive 
assay to measure for the presence of VLA-4 in the sample. Other suitable 

15 assays are well known in the art. 



In addition, certain of the compounds of this invention inhibit, m vivo, 
adhesion of leukocytes to endothelial cells mediated by VLA-4 by competitive 
binding to VLA-4, Accordingly, the compounds of this invention can be used 

20 in the treatment of diseases mediated by VLA-4 or leucocyte adhesion. Such 

diseases include inflammatory diseases in mammalian patients such as asthma, 
Alzheimer's disease, atherosclerosis, AIDS dementia, diabetes (including 
acute juvenile onset diabetes), inflammatory bowel disease (including 
tdcerative colitis and Crohn's disease), multiple sclerosis, rheumatoid 

25 arthritis, tissue transplantation, tumor metastasis, meningitis, encephalitis, 

stroke, and other cerebral traumas, nephritis, retinitis, atopic dermatitis, 
psoriasis, myocardial ischemia and acute leukocyte-mediated lung injury such 
as that which occurs in adult respiratory distress syndrome. 

3 0 The biological activity of the compounds identified above may be assayed 

in a variety of systems. For example, a compound can be immobilized on a 
solid put, . • s expressing VI A-4 can be measured. 

Using such formats, large numbers of compounds can be screened. Cells 
suitable for this assay include any leukocytes known to express VLA-4 such 
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5 as T cells, 8 cells, monocytes, eosinophils, and basophils . A number of 

leukocyte cell lines can also be used, examples include Jnrkat and U937. 

The test compounds can also be tested for the ability to competitively 
inhibit binding between VLA-4 and VCAM-1, or between VLA-4 and a 

10 labeled compound known to bind VLA-4 such as a compound of this 

invention or antibodies to VLA-4. In these assays, the VCAM-1 can be 
immobilized on a solid surface. VCAM-1 may also be expressed as a 
recombinant fusion protein having an Ig tail (e.g., IgG) so that binding to 
VLA-4 may be detected in an immunoassay. Alternatively, VCAM-1 

IS expressing ceils, such as activated endothelial cells or VCAM-1 transacted 

fibroblasts can be used. For assays to measure the ability to block adhesion 
to brain endothelial cells, the assays described in International Patent 
Application Publication No. WO 91/05038 are particularly preferred. This 
application is incorporated herein by reference in its entirety, 

20 

Many assay formats employ labelled assay components. The labelling 
systems can be in a variety of forms. The label may be coupled directly or 
indirectly to the desired component of the assay according to methods well 
known in the art. A wide variety of labels may be used. The component 

25 may be labelled by any one of several methods. The most common method 

of detection is the use of autoradiography with 3 H, i25 I, 35 S, !4 C, or 3 *P 
labelled compounds or the like. Non-radioactive labels include ligaads which 
bind to labelled antibodies, fiuorophores, ehemiluminescent agents, enzymes 
and antibodies which can serve as specific binding pair members for a 

3 0 labelled ligand. The choice of label depends on sensitivity required, ease of 

conjugation with the compound, stability requirements, and available 
instrumentation. 
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Appropriate in vivo models for demonstrating efficacy in treating 
inflammatory responses include EAE (experimental autoimmune 
encephalomyelitis) mmlce, rats, guinea pigs or primates, as well as other 
inflammatory models dependent upon «4 mtegrhis. 

Compounds having the desired biological activity may be modified as 
necessary to provide desired properties such as improved pharmacological 
properties (e.g., in vivo stability, bio-availability) , or the ability to be detected 
in diagnostic applications. Stability can be assayed in a variety of ways such 
as by measuring die half-life of the proteins during incubation with peptidases 
or human plasma or serum, A number of such protein stability assays have 
been described (see, e.g., Verhoef etat., Eur. J. Drug Metab. 
Pharmacokinet., 1990, 1301:83-93). 

For diagnostic purposes, a wide variety of labels may be linked to the 
compounds, which may provide, directly or indirectly, a detectable signal. 
Thus, the compounds of the subject invention may be modified in a variety of 
ways for a variety of end purposes while still retaining biological activity. In 
addition, various reactive sites may be introduced at. the terminus for linking 
to particles, solid substrates, macromoiecules, or the like. 

Labeled compounds can be used in a variety of in vivo or in vitro 
applications. A wide variety of labels may be employed, such as 
radionuclides (e.g., gamma-emitting radioisotopes such as technetium-99 or 
indium-Ill), fiuorescers (e.g., fluorescein), enzymes, enzyme substrates, 
enzyme cofactors, enzyme inhibitors, chemilmninescent compounds, 
bioluminescent compounds, and the like. Those of ordinary skill in the art 
will know of other suitable labels for binding to the complexes, or will be 
able to ascertain such using routine experimentation. The binding of these 
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labels is achieved using standard techniques common to those of ordinary skill 
in the art. 

In vitro uses include diagnostic applications such as monitoring 
inflammatory responses by detecting the presence of leukocytes expressing 
VLA-4. The compounds of diis invention can also be used for isolating or 
labeling such ceils. In addition, as mentioned above, the compounds of tire 
invention can be used to assay for potential inhibitors of VLA-4/VCAM4 
interactions. 

For in vivo diagnostic imaging to identify, e.g., sites of inflammation, 
radioisotopes are typically used in accordance with well known techniques. 
The radioisotopes may be hound to the peptide either directly or indirectly 
using intermediate functional groups. For instance, chelating agents such as 
die&ylenetriaminepentacetic acid (DTPA) and ethylenediaminetetraacedc acid 
(EDTA) and similar molecules have been used to bind proteins to metallic ion 
radioisotopes. 

The complexes can also be labeled with a paramagnetic isotope for 
purposes of /« vivo diagnosis, as in magnetic resonance imaging (MRI) or 
electron spin resonance (ESR), both of which are well known. In general, 
any conventional method for visualizing diagnostic imaging can be used. 
Usually gamma- and positi-on-emitting radioisotopes are used for camera 
imaging ami paramagnetic isotopes are used for MRI Thus, the compounds 
can be used to monitor the course of amelioration of an inflammatory 
response in an individual, By measuring the increase or decrease in 
lymphocytes expressing VLA-4 it is possible to determine whether a 
particular therapeutic regimen aimed at ameliorating the disease is effective. 
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The pharmaceutical compositions of the present .invention can be used to 
block or inhibit cellular adhesion associated with a number of diseases and 
disorders. For instance, a number of inflammatory disorders are associated 
with, integrals or leukocytes. Treatable disorders include, e.g. , 
transplantation rejection (e.g., allograft rejection), Alzheimer's disease, 
atherosclerosis, AIDS dementia, diabetes (including acute juvenile onset 
diabetes), retinitis, cancer metastases, rheumatoid arthritis, acute 
leukocyte-mediated lung injury (e.g., adult respiratory distress syndrome), 
asthma, nephritis, and acute and chronic inflammation, including atopic 
dermatitis, psoriasis, myocardial ischemia, and inflammatory bowel disease 
(including Crohn's disease and ulcerative colitis). In preferred embodiments 
the pharmaceutical compositions are used to treat inflammatory brain 
disorders, such as multiple sclerosis (MS), viral meningitis and encephalitis. 

Inflammatory bowel disease is a collective term for two similar diseases 
referred to as Crohn's disease and ulcerative colitis. Crohn's disease is an 
idiopathic, chronic ulceroconstrictive inflammatory disease characterized by 
sharply delimited and typically transmural involvement of all layers of the 
bowel wall by a granulomatous inflammatory reaction. Any segment of the 
gastrointestinal tract, from die mouth to the anus, may be involved, although 
die disease most commonly affects the terminal ileum and/or colon. 
Ulcerative colitis is an inflammatory response limited largely to Ore colonic 
mucosa and submucosa. Lymphocytes and macrophages are numerous in 
lesions of inflammatory bowel disease and may contribute to inflammatory 
injury. 

Asthma is a disease characterized by increased responsiveness of die 
tracheobronchial tree to various stimuli potentiating paroxysmal constriction 
of die bronchial airways. The stimuli cause release of various mediators of 
mflammation from IgE-coated mast celts including histamine, eosinophilic 
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and neutrophilic chemotaetie factors, leukotrines, prostaglandin and platelet 
activating factor. Release of these factors recruits basophils, eosinophils and 
neutrophils, which cause inflammatory injury. 

Atherosclerosis is a disease of arteries (e.g., coronary, carotid, aorta and 
iliac). The basic lesion, the atheroma, consists of a raised focal plaque within 
the Ultima, having a core of lipid and a covering fibrous cap. Atheromas 
compromise arterial blood flow and weaken affected arteries. Myocardial 
and cerebral infarcts are a major consequence of this disease. Macrophages 
and leukocytes are recruited to atheromas and contribute to inflammatory 
injury. 

Rheumatoid arthritis is a chronic, relapsing inflammatory disease that 
primarily causes impairment and destruction of joints. Rheumatoid arthritis 
usually first affects the small joints of the hands and feet but then may involve 
the wrists, elbows, ankles and knees. The arthritis results from interaction of 
synovial cells with leukocytes thai infiltrate from the circulation into the 
synovial lining of die joints. See e.g., Paul, Immunology (3d ed. ( Raven 
Press, 1993). 

Another indication for the compounds of this invention is in treatment of 
organ or graft rejection mediated by VLA-4. Over recent years there has 
been a considerable improvement in the efficiency of surgical techniques for 
transplanting tissues and organs such as skin, kidney, liver, heart, lung, 
pancreas and bone marrow. Perhaps the principal outstanding problem is the 
lack of satisfactory agents for inducing hwmmotolerance in the recipient to 
the transplanted allograft or organ. When allogeneic cells or organs are 
transplanted into a host (i.e., the donor and donee are different individuals 
from the same species), the host immune system is likely to mount an immune 
response to foreign antigens in the transplant (host-versus-graft disease) 
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leading to destruction of the transplanted tissue. CDS ' cells, CD4 cells and 
monocytes are all involved in the rejection of transplant tissues. Compounds 
of this invention which bind to alpha-4 integrk are useful, inter alia, f.o block 
aOoantigen-fflduced immune responses in the donee thereby preventing such 
cells from participating in the destruction of the transplanted tissue or organ. 
See, e.g., Paul et ah, Transplant International 9, 420-425 (1996); 
Georczynski et al„ Immunology 87, 573-580 (1996)- Georcyznski et ah, 
Transplant. Immunol 3, 55-61 (1995); Yang et ah, Trampimtatim 60, 71- 
76 (1995); Anderson et ah, APMJS 102, 23-27 (1994). 

A related use for compounds of this invention which bind to VLA-4 is in 
modulating the immune response involved in "graft versus host" disease 
(GVHD). See e.g., ScMegel et al, J. Immunol. 155, 3856-3865 (1995). 
GVHD is a potentially fatal disease that occurs when immunologically 
competent cells are transferred to an allogeneic recipient. In mis situation, 
the donor's immunocompetent cells may attack tissues in the recipient. 
Tissues of the skin, gutephhelia and liver are frequent targets and may be 
destroyed during the course of GVHD. The disease presents an especially 
severe problem when immune tissue is being n-ansplanted, such as in bone 
marrow transplantation; but less severe GVHD has also been reported in 
other cases as well, including heart and liver transplants. The therapeutic 
agents of the present invention are used, inter alia, to block activation of the 
donor T-ceils thereby interfering with their ability to iyse target cells in the 
host. 

A further use of the compounds of tins invention is inhibiting tenor 
metastasis. Several tumor cells have been reported to express VLA-4 and 
compounds which bind VLA-4 block adhesion of such cells to endothelial 
cells. Stemback et al., Urol Res. 23, 175-83 (1995); Orosz et ah, Int. J. 
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Cancer 60, 867-71 (1995); Preedman et al. s Leak. Lymphoma 1.3, 47-52 
(1994); Okahara ci al. t Cancer Res, 54, 3233-6 (1994). 

A further use of the compounds of this mvention is in treating multiple 
clen . Mul pie sclerosis is a progressive neurological autoimmune 
disease that affects an estimated 250,000 to 350,000 people in the United 
States. Multiple sclerosis is thought to be the result of a specific autoimmune 
reaction in which certain leukocytes attack and initiate fee destruction of 
myelin, the insulating sheath covering nerve fibers. In an animal model for 
multiple sclerosis, murine monoclonal antibodies directed against VLA-4 have 
been shown to block fee adhesion of leukocytes to fee endothelium, and thus 
prevent inflammation of the central nervous system and subsequent paralysis 
hi fee animals' 6 . 

Pharmaceutical compositions of fee invention are suitable tor use in a 
variety of drug delivery systems. Suitable formulations for use in fee present 
invention are found in Remington's Pharmaceutical Sciences, Mace 
Publishing Company, Philadelphia, PA, 17th ed. (1985). 

In order to enhance serum halt-life, fee compounds may be encapsulated, 
introduced into the lumen of liposomes, prepared as a colloid, or other 
conventional techniques may be employed which provide an extended serum 
half-life of fee compounds. A variety of methods are available for preparing 
liposomes, as described in, e.g., Szoifca, et ah, U.S. Patent Nos. 4,235,871, 
4,501,728 and 4,837,028 each of which is incorporated herein by reference. 

The amount administered to fee patient will vary depending upon what is 
being administered, the purpose of the administration, such as prophylaxis or 
therapy, the state of fee patient, fee manner of admhiistration, and fee like. 
In therapeutic applications, compositions are administered to a patient already 
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5 suffering from a disease in an amount sufficient to cure or at least partially 

arrest the symptoms of fee disease and its complications. An amount 
adequate to accomplish this is defined as "therapeutically effective dose." 
Amounts effective for mis use will depend on the disease condition being 
treated as well as by the judgment of the attending clinician depending upon 
io factors such as the severity of fee inflammation, the age, weight and general 

condition of fee patient, and the like. 

The compositions administered to a patient are in the form of 
pharmaceutical compositions described above. These compositions may be 

15 sterilized by conventional sterilization techniques, or may be sterile filtered. 

The resulting aqueous solutions may be packaged for use as is, or lyophilized, 
fee fyophilteed preparation being combined with a sterile aqueous carrier 
prior to administradou. The pH of the compound preparations typically will 
be between 3 and 1 1 , more preferably from 5 to 9 and most preferably from 

20 7 to 8, It will be understood that use of certain of the foregoing excipients, 

carriers, or stabilizers will result in the formation of pharmaceutical salts. 

The therapeutic dosage of fee compounds of the present invention will 
vary according to, for example, fee particular use for which the treatment is 

25 made, die manner of administration of the compound, the health and 

condition of the patient, and the judgment of the prescribing physician. For 
example, for intravenous administration, fee dose will typically be in the 
range of about 20 /;g to about 500 #g per kilogram body weight, preferably 
about 100 ,ug to about 300 ,ug per kilogram body weight. Suitable dosage 

3 0 ranges for intranasal administration are generally about 0. 1 pg to 1 mg per 

kilogram body weight. Effective doses can be extrapolated from 
dose-response curves derived from in vitro or animal model test systems. 
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Compounds of this invention are also capable of binding or antagonizing 
the actions of a 9 p„ e# 7l a d p 2 , integrins (although a,# s and 
are preferred in this invention). Accordingly, compounds of this invention 
are also useful for preventing or reversing the symptoms, disorders or 
diseases induced by the binding of these integrins to their respective ligaads. 

For example, international Publication Number WO 98/53817, published 
December 3, 1998 (the disclosure of which is incorporated herein, by 
reference in its entirety) and references cited therein describe disorders 
mediated by ct 4 pV This reference also describes an assay for detenmning 
antagonism of a 4 p 7 dependent binding to VCAM-ig fusion protein. 



Additionally, compounds that bind a$ 2 and a f $ 7 integrins are 
particularly useful for the treatment of asthma and related lung diseases. See, 
for example, M. H. Grayson et ai, 7. Exp. Med. 199$, 188(11) 2187-2191. 

20 Compounds that bind « e J3; integrin are also useful for the treatment of 

systemic lupus erythematosus (see, for example, M. Pang et al.« Arthritis 
Rheum. 1998, 41(8), 1456-1463); Crohn's disease, ulcerative colitis and 
infammarory bowel disease (USD) (see, for example, D. Elewaut et ah, Scand 
J. Gastroenterol 1998, 33(1) 743-748); Sjogren's syndrome (see, for 

2 5 example , U . Kroneld et al . , Scand J. Gastroenterol 1998, 27(3) , 215-2 1 8); 

and rheumatoid arthritis (see, for example, Scand J. Gastroenterol 1996, . 
440), 293-298). And compounds that bind may be useful in preventing 
fertilization (see, for example, H. Chen et ah, Chem, Biol 1999, 6, 1-10). 



30 



Certain of the compounds within the generic formulas described herein 
are also useful as synthetic intermediates for other compounds of this 
invention as illustrated in the examples herein. 



WO 1)2/08202 



PCT/USOi/23075 



5 The following synthetic and biological examples are offered to illustrate 

tliis invention and are not to be construed in any way as limiting the scope of 
this invention. Unless otherwise stated, all temperatures are in degrees 
Celsius, 

10 EXAMPLES 

In the examples below, the following abbreviations have the following 





meanings. If a 
meaning. 


n abbreviation is ; 


aot defined, it has its generally aecepi 




aq or aq. 




aqueous 


15 


AcOti 




acetic acid 




bd 




broad doublet 




bm 




broad muitiplct 




bs 


_ 


broad singlet 




B« 




benzyl 


20 


Boc 




A r ~/e/t~butoxylcarboiiyl 




Boc 2 0 




di-tert-butyl dicarbonate 




BOP 




benzotriazol-l-yloxy- 








tr ! ski i s nethy i aim no}phosphomum 








hexafl aorophosphate 


25 


Cbz 




carbobenzyfoxy 




CHC1 3 


= 


chloroform 




CH 2 Ci 2 




dichloromethane 




(CQCl) 2 




oxafyl chloride 




d 




doublet 


30 


dd 




doublet of doublets 




dt 




doublet of triplets 




DBU 




l,8-dia^bicycIo[5.4.0]uxtdec-7-ene 




DCC 




\ ,3-dieyclohexykai-bodiimide 




DMAP 




^iV'.iV-dmiethylamtnopynduie 


35 


DME 




ethylene glycol dimethyl ether 




DMF 




A^A^Kiimethylfbrmanude 




DMSO 




dimethylsulfoxide 




EDC 




l-0^hnemyIaminopropyi)-3- 








ethylcarhodiimide hydrochloride 


40 


Et 3 N 




niethykmme 




Et 2 0 




diethyl ether 




BtOAe 




ethyl acetate 




EtOH 




eraanol 




eq or eq, 




equivalent 


45 


Fmoc 




A-(9-fluoreny]methoxycarbonyl) 
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5 PmocONSu ~ AH9-fiuorenyImethoxycarbonyi)- 

succinimide 





g 


- 


grams 




fa 


= 


hoar 




H 2 0 




water 


10 


HBr 




hydrobromic acid 




Ha 


- 


hydrochloric acid 




HOBT 




1-hydroxybenzotriazole hydrate 




hi 




hour 




K,.C0 3 




potassium carbonate 


15 


L 


— 


liter 




m 




tun i lipid 




MeOH 




methanol 




mg 


= 


milligram 




MgS0 4 




magnesium sulfate 


20 


mL 




milliliter 




mm 




millimeter 




rnM 


= 


millimolar 




mr.no I 


m 


miilimol 




mp 


— 


melting point 


25 


N 




normal 




Nad 


™ 


sodium chloride 




Na 2 COj 




sodium carbonate 




NaHCO a 




sodium bicarbonate 




NaOEt 




sodium etboxide 


3 0 


NaOH 




sodium hydroxide 




NH 4 C1 




ammonium chloride 




NMM 


- 


iV-metbylmorpholine 




Phe 


— 


L-phenylaianme 




Pro 




L-prolme 


35 


psi 


- 


pounds per square inch 




PtO a 




platinum oxide 




q 




quartet 




quint. 




quintet 




rt 




room temperature 


40 


s 




singlet 




sat 




saturated 




t 




triplet 




t-BuOH 




?err-butanoi 




TFA 




trifluoroacetic acid 




THF 




tetrahydroMraa 




TLC or tic 




thin layer chromatography 




Ts 




tosyl 




TsCl 




tosyl chloride 




TsOH 




tosylate 
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The folio ving i [ethods may be used to prepare the compounds of this 
invention. 

Method A 

2,4-Dihydrox y-3-k>dopvridine Preparation P roce dure 
A mixture of 2,4-dmy<hroxypyridiiie (1.0 eq), K,COj (1.0 eq), and water 
was stirred at 100 °C so that it became homogeneous. With continued stirring 
and heating, \ (1.0 eq) was added in portions, causing the evolution of gas. 
When die solid I 2 was consumed, the mixture was cooled and acidified with 
aqueous KHS0 4 (1 .0 eq), generating a precipitate. The precipitate was collected 
by filtration, rinsed with water, and stored under high vacuum, to give 2,4- 
dihydroxy-3-iodopyridme . 

Method B 

A mixture of 2,4-dihydroxy~3~iodopyrid«ie (1.0 eq), C%C0 3 (2.0 eq), Mel 
(10.0 eq) and anhydrous DMF was stirred at 40 °C for 72 h, and then the DMF 
arid remaining Mel were evaporated. The residue was treated with aqueous 
NaSp 3 , and the mixture was extracted five times with CH 2 Ci 2 . The CH 2 CT 
extracts were treated with MgSC) 4 , filtered, and evaporated. The residue was 
reerystallized from hexanes/CH 2 Cl 2 to give l-methyl-3-iodo-4-me{hoxypyridin-2- 
one. 

Method C 
^^6utoxycarbonyI~4-(t-m^ 

phenvalani n e Methyl Ester Preparation Procedure 
The procedure of Moras and Ortar (Syn, Lett. 1997, (7), 1403-1405) 
was used to convert 1-methy]-3-iodo-4-rnetliox> f p> i Tidin-2-one into N-tert- 
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butoxyearb0nyl-4-{.l -raethyl-4-mef t I henyalanme 

methyl ester. 

Method D 
BOC Re moval Procedure 
Anhydrous hydrochloride (HQ) gas was bubbled through, a methanolic 
solution of the appropriate Boe-amino acid ester at 0°C for 15 minutes and 
the reaction mixture was stirred tor three hours. The solution was 
concentrated to a syrup and dissolved in Et 2 0 and reooneentrated. This 
procedure was repeated and the resulting solid was placed under high vacuum 



Method E 

Preparation of Piffi,ethjl2^AjkyJtoloTiate 
To a suspension of sodium hydride 60% dispersion in mineral oil (1.1 
eq) in anhydrous THF was added slowly with stirring dimethyl malonate (1.1 
eq), causing the evolution of gas. To the resulting solution was added a 
bromoalkane, iodoaliane, or trifluoroniedmnesulfonyloxyalkane (1.0 eq), and 
the mixture was heated to 50*C for 48 h ? at which point TLC indicated 
consumption of the bromoalkane, iodoalkane, or 
trifiuoromedianesulfonyloxyalkane. The mixture was diluted with diethyl 
ether and washed with 70% saturated sodimn chloride. The organic extracts 
were treated with anhydrous magnesium sulfate, filtered, and evaporated to 
afford a dimethyl 2-alkylmaionate of sufficient purity for immediate 
conversion to a 5-aikyM,6~d0iydroxypyiiaudine. 

Method F 

To a diethyl 2-aHcyhnalonate or a dimethyl 2-alkylmalonate (1.0 eq) was 
added fomiamidine acetate (1.0 eq) and 25% sodium methoxide in methanol 
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(3.3 eq). The resulting slurry was stirred vigorously and heated to 60 °C for 
4 h, and then allowed to cool. Hie slurry was diluted with water, and 
acidified to pH = 2 by addition of HCL The resulting precipitate, was 
collected by filtration, washed with water, and dried under vacuum, to afford 
a 5-alkyl-4,6-dihydj > ypyrimidine of sufficient purity for irarnediate 
conversion to a 5-alkyl-4,6-dichioropyrimidhie. 

Method G 
Preparation of 

5-AlkyM,6^1iridjnx^ 
To a 5-aikyl"4,6-dihydroxypyrhnidine or a 5-alkoxy-4- 
hydroxypyrmiidme (1.0 eq) were added phosphorus oxychloride (15.0 eq) 
and ^N-dimethylaniline (1.0 eq), and the mixture was heated to iO0°C for 3 
h, and then allowed to cool. The resulting solution was poured onto ice, and 
the mixture was extracted with dichloromethane. The organic extracts were 
treated with anhydrous magnesium sulfate, filtered, and evaporated to afford 
a 5-alkyl-4,6-dicMoropymmdme or a 5-alkoxy-4~chloropyrhtudin£ of 
sufficient purity for immediate conversion to a 5-a!fcyl-4-A ? -alky]amino-6- 
chloropyrfmidine or a 5-alkoxy-4-/V-alkytammopyrirmduie. 

Method H 
Preparation of 

.S-AIkox^-^-alkylantinopyjimidirie 
To a solution of a 5-alkyl~4,6-dichlo.ropyrimidine or a 5-alkoxy-4- 
chloropyrimidine (1 .0 eq) in ethanol were added an alkyi amine 0.2 eq, 
typically L4"(A ? ,A r -dmremyic^rbamyIoxy>pheiiyiaknine tert-buPfl ester) and 
! i > t pylethylan (2 0 eq). The mixture was sealed in. a pressure tube 
and heated to 120°C for 48 h, at which point TLC indicated consumption of 
the 5-alk>4-4,6-dichloropyomidme or the 5-alkoxy^-cMoropyrirnidine, The 
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mixture was evaporated, and the residue was partitioned between ethyl acetate 
and pH - 4.5 citrate buffer. The organic extracts were washed with 
saturated sodium chloride, treated with anhydrous magnesium sulfate, 
filtered, and evaporated. The residue was purified by chromatography on 
silica gel using ethyl acetate and hexanes to afford a pure 5-alkyl-4-iV- 
alkylanjino-6-chIoropyrimidine or 5-a].koxy-4-.V-alkylamiriopyrimkhne. 

Method I 

Preparation of 5-Alkyl-4-A^a1kyhuumopyrunidine (Procedure I) 
A suspension of 5-aIkyi-4-A ? -alkylammo-6-chloropyrmudiue (1 ,0 eq), and 
an equal mass 10% palladium on carbon, and sodium bicarbonate (5.0 eq) in 
methanol was shaken under 55 psi hydrogen gas for .16 h, at which point TLC 
indicated consumption of the 5-alkyl-4-A r -alkylammo~6~ch]oropy.runidlne. 
The mixture was filtered ilrrough Celite and evaporated to give a residue, 
which was partitioned between ethyl acetate and 70% saturated sodium 
chloride. The organic extracts were treated with anhydrous magnesium 
sulfate, filtered, and evaporated. Tire residue was purified by 
chromatography on silica gel using ethyl acetate and hexanes to afford a pure 
5-alkyl-4-iV-alkylaminopyrimidine. 

Method J 

Preparation of $'A1I^H-A"ai^lamffliopyrimid^ (Procedure II) 
A suspension of 5-alky1-4-^-allQlanirao-6-chlorop>Tinridme (1,0 eq), 
sodium acetate. (10.0 eq), and zinc powder (20.0 eq) in a 9:1 mixture of acetic 
acid and water was stirred vigorously at 40°C for 72 h, at which point TLC 
indicated partial consumption of the 5-aikyl-4-A- r -alk) r iammo-6- 
chloropyrhnidine. The supernatant solution was decanted from remaining 
zinc and evaporated. The residue was partitioned between ethyl acetate and 
saturated sodium bicarbonate, and the organic extracts were treated with 
anhydrous magnesium sulfate, filtered, and evaporated. The residue was 
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purifed by chromatography on silica gel using ethyl acetate and hexanes to 
afford a pure 5-aBcyl-4-iV-alkylammopymnidme. 



To a chilled (0°C) THF/HX* solution (2:1, 5 - 10 mL) of the appropriate 
ester was added LiOH (1.1 equivalents). The temperature was maintained at 
G*C and the reaction was complete in 1-3 hours. The reaction mixture was 
concentrated and the residue was taken up into H.,0 and the pH adjusted to 2- 
3 with aqueous HC1. The product was extracted with ethyl acetate and the 
combined organic phase was washed with brine, dried over MgS0 4 , filtered 
and concentrated to yield the desired acid. 

Method L 

BGSpantti on of 5-l Qdo~4(3H)~pyrirnidiuoae 
The procedure of Sakamoto et. al (Chem. Pharm. Bull. 1986, 34(7), 
2719-2724} was used to convert 4(3H)-pyrinitdmone into 5-iodo-4(3H)- 
pyrimidinone. 



A-(S-(2»2,24rifiuoroethyl)pydmidin-4-yl)-L-4' -(1 -methyl-4-methoxy-2- 



2,4-Dihydroxypyridine was converted via sequential application of methods 
A, B and C to give iV^ert-butoxycaihonyl-4-(l-mediyl-4-niethoxypytidin-2-one- 
3-yl)-L-phenyalanine methyl ester. This compound was converted via method 
D to give 4<l-me&yl~4~metiwxypyr^^ methyl ester 

hydrochloride, 2,2,2-1 rifluoroeihyl inflate (prepared according to Gassman, et 
aL J. Org. Chem. 1984, 49(12), 2258-2273) was converted via sequential 



Method K 




Example 1 
Synthesis of 



pyridon-3~yI)phejQyIalanine 
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app tcation of methods E, F and G to give 4,6-dtchioro~5~(2,2,2- 
tTMuoroetiiy])pyrimidine. 

4-(J-MethyM~mei1ioxypyr^ methyl ester 

hydrochloride aad 4,6-dicWoro^5-(2,2,2-ttiflaoiw%i)pyTmildme were coupled 
via method M, and the product transformed via sequential application of methods 
I aad K to give the ride compound. 

Physical data were as follows: 

*H NMR (CD3OD): 5 - 8.4 (s), 8.06 (s), 7.66 (d), 7.25 - 7.18 (m), 6.45 
(d), 5,12 - 5.08 (m), 3.94 - 3.9 (m), 3.77 (m), 3.49 (s), 3.35-3.17 (m). 
13 C NMR (CD,OD): 6 = 173.7, 164.7, 163.2, 160.0, 155.8, 153.4, 138.7, 
135.9, 131.9, 131.2, 130.3, .128.0, 113.7, 95.7, 55.2, 55.1, 36.5, 36.2, 
31.1, 30.7. 

Biological Examples 

Example A 

In vitro Assay For Deternmiing Binding of 
Candidate Compounds to VLA-4 

An in vitro assay was used to assess binding of candidate compounds to 
« 4 Ps integrin. Compounds which hind in this assay can be used to assess 
VCAM-1 levels in biological samples by conventional assays (e.g., 
competitive assays). This assay is sensitive to 1C S0 values as low as about 
InM. 

The activity of a 4 p t integrin was measured by the interaction of soluble 
VCAM-1 with Jurist cells (e.g., American Type Culture Collection Nos. TIB 
152, TIB 153, and CRL 8163), a human T-ceil line which expresses high 
levels of a$i integrin. VCAM-1 iateracts with the cell surface in an ee^Sj. 
integrin-depeiident fashion (Yednoefc, etal. J. Biol. Chem., 1995, 
270:28740). 
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5 Recombinant soluble VCAM-1 was expressed as a chimeric fusion 

protein containing the seven extracellular domains of VCAM-1 on the N- 
temiinus and the human IgG, heavy chain constant region on the C-terrninus. 
The VCAM-1 fusion protein was made and purified by the maimer described 
by Yednock, supra. 

10 

lurkat cells were grown in RPMi 1640 supplemented with 10 % fetal 
bovine serum, penicillin, streptomycin and glutamine as described by 
Yednock, supm. 

15 Jurkat cells were incubated with 1.5 mM MnCl 2 and 5 pg/mL 15/7 

antibody for 30 minutes on ice, Mn +2 activates the receptor to enhance ligand 
binding, and 15/7 is a monoclonal antibody that recognizes an 
activaied/ligand occupied conformation of « 4 {3j integrm and locks the 
molecule into mis conformation thereby stabilizing the VCAM-l/a 4 p, integrm 

20 interaction. Yednock, et at., supra. Antibodies similar to the 15/7 antibody 

have been prepared by other investigators (Liique, et al, 1996, J. Biol. Chem, 
271:11067) and may be used in Ms assay. 

Cells were then incubated for 30 minutes at room temperature with 
25 candidate compounds, m various concentrations ranging from 66 fiM to 0.0! 

pM using a standard 5-point serial dilution. 15 pL soluble recombinant 
VCAM-1 fusion protein was then added to Jurkat cells and incubated for 30 
minutes on ice. (Yednock et al., supra.). 

3 0 Cells were then washed two times and resuspended in PE-eonjugated 

goat F(ab% anti-mouse IgG Fc (Immunotech, Westbrook, ME) at 1:200 and 
incubated on ice, in the dark, for 30 minutes. Cells were washed twice and 
analyzed with a standard fluorescence activated cell sorter f'FACS") analysis 
as described in Yednock, eta!., sup*** 
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5 Compounds having an IC 50 of less than about 15/*M possess binding 

affinity to a$ v 

When tested in this assay, each of the compound prepared in the above 
examples has or is expected to have an IC^ of 15 fM- or less (or is expected 
1 0 to be active in vivo) . 



Example B 

In vitro Saturation Assay For Determining Binding of 
Candidate Compounds to « 4 j3 t 

The following describes an in vitro assay to determine the plasma levels 
needed for a compound to be active in the Experimental Autoimmune 
Encephalomyelitis ("EAE") model, described in the next example, or in other 
in vivo models. 

Log-growth Jurkat cells are washed and resuspended in normal animal 
plasma containing 20 ^g/ml of the 15/7 antibody (described in the above 
example). 



25 The Jurkat cells are diluted two-fold into either normal plasma samples 

containing known candidate compound amounts in various concentrations 
ranging from 66 fM to 0,01 pM, using a standard 12 point serial dilution for 
a standard curve, or into plasma samples obtained from (lie peripheral blood 
of candidate compound-treated animals, 

30 

Cells are then incubated for 30 minutes at room temperature, washed 
twice with phosphate-buffered saline ("PBS") containing 2% fetal bovine 
serum and JmM each of calcium chloride and magnesium chloride (assay 
medium) to remove unbound 15/7 antibody. 



3 5 
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5 The cells are then exposed to phyeoerythrin-coiijiigafed goat F{ab') a anti- 

moose IgG Fc (laimimotech, Westbroofc, ME), which has been adsorbed for 
any non-specific cross-reactivity by co-incubation with 5 % serum from the 
animal species being studied, at 1:200 and incubated hi the dark at 4°C for 30 
minutes. 

10 

Cells are washed twice with assay medium and resuspended in the same. 
They are then analyzed with a standard fluorescence activated ceil sorter 
("FACS") analysis as described in Yednocketai. J. Biol. Chem., 1995, 
270:28740. 

15 

The data is then graphed as fluorescence versus dose, e.g., in a normal 
dose-response fashion. The dose levels that result in the upper plateau of the 
curve represent the levels needed to obtain efficacy in an in vivo model, 

2 0 This assay may also be used to determine the plasma levels needed to 

saturate the binding sites of other integrals, such as the ctgp, integral, which is 
the integrin most closely related « 4 j3, (Palmer et al, 1993, J. Cell Bio., 
123 : 1289). Such binding is predictive of in vivo utility for inflammatory 
conditions mediated by a$ t integrin, including by way of example, airway 
25 hyper-responsiveness and occlusion that occurs with, chronic asthma, smooth 

muscle cell proliferation in atherosclerosis, vascular occlusion following 
angioplasty, fibrosis and glomerular scar-ring as a result of renal disease, 
aortic stenosis, hypertrophy of" synovial membranes in rheumatoid arthritis, 
and inflammation and scarring fttat occur with die progression of ulcerative 

3 0 colitis and Crohn's disease. 

Accordingly, the above-described assay may be performed with a human 
colon carcinoma cell line, SW 480 (ATTC #CCL228) transfected with eDNA 
encoding % integral (Yofcosaki et ah, 1994, J. Biol. Chem., 269:2669!), k 
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place of the Jurkat cells, to measure the binding of the integral. As a 
control, SW 480 cells which express odier a and p, subunits may be used. 

Accordingly, another aspect of this invention is directed to a method for 
treating a disease in a mammalian patient, which disease is mediated by 
and which method comprises administering to said patient a therapeutically 
effective amount of a compound of this invention. Such compounds are 
preferably administered in a pharmaceutical composition described herein 
above. Effective daily dosing will depend upon the age, weight, condition of 
the patient which factors can be readily ascertained by (lie attending clinician. 
However, in a preferred embodiment, the compounds are administered from 
about 20 to 500 jag/kg per day. 

Example C 
In vivo Evaluation 

The standard multiple sclerosis model. Experimental Autoimmune (or 
Allergic) Encephalomyelitis ("EAE"), was used to determine the effect of 
candidate compounds to reduce motor impairment in rats or guinea pigs. 
Reduction in motor impairment is based on Mocking adhesion between 
leukocytes and die endothelium and correlates with anti- inflammatory activity 
in the candidate compound. This model has been previously described by 
Kesztheiyi ei ah, Neurology, 1996, 47:1053-1059, and measures the delay of 
onset of disease, 

Brains and spinal cords of adult Hartley guinea pigs were homogenized 
in an equal volume of ph ph oe An equal volume of 

Freimd's complete adjuvant (100 rag mywbaaeiihyt , losii plus 10 ml 
Freund's incomplete adjuvant) was added to the homogenate. The mixture 
was emulsified by circulating it repeatedly through a 20 ml syringe with a 
peristaltic pump for about 20 minutes. 
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Female Lewis rats (2-3 months old, 170-220 g) or Hartley guinea pigs 
(20 day old, 180-200 g) were anesthetized with, isofiarane and three injections 
of the emulsion, 0.1 ml each, were made in each flank. Motor impairment 
onset is seen in approximately 9 days. 

Candidate compound treatment began on Day 8, just before onset of 
symptoms. Compounds were administered subcutaneously CSC"), orally 
C'PO") or imraperitoneally ("IP"). Doses were given in a range of lOmg/kg 
to 200 mg/kg, bid, for five days, with typical dosing of 10 to 100 mg/kg SC, 
10 to 50 mg/kg PO. and 10 to 100 mg/kg TP. 

Antibody GG5/3 against ct 4 p\ integi in (1 - lyi et al., Neurology, 
1996, 47:1053-1059), which delays the onset of symptoms, was used as a 
positive control and was injected subcutaneously at 3 mg/kg on Day 8 and U. 



Body weight and motor impairment were measured daily. Motor 
impairment was rated with the following clinical score: 

0 no change 

1 tail weakness or paralysis 

2 hkdlimb weakness 

3 hindlimb paralysis 

4 moribund or dead 

A candidate compound was considered active if it delayed die onset of 
symptoms, e.g., produced clinical scores no greater than 2 or slowed body 
weight loss as compared to the control. 
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Example D 
Asthma Model 

Mlaniraatory conditions mediated by integrm include, for example, 
airway hyper-responsiveness and occlusion that occurs with chronic asthma. 
The following describes an asthma model which can be used to study the in 
vivo effects of the compounds of mis invention for use in treating asthma. 

h H >wing the procedures described by Abraham et ai, i. Clin. Invest, 
93:776-787 (1994) and Abraham et al, Am J. Respir Crit Care Med, 
156:696-703 (1997), bout of which are incorporated by reference in their 
entirety. Compounds of this invention are formulated into an aerosol and 
administered to sheep which are hypersensitive to Ascaris situm antigen. 
Compounds which decrease the early antigen-induced bronchial response 
and /or block the late-phase airway response, e.g., have a protective effect 
against anti en-indt edlafe ( spouses and airway hyper-responsiveness 
("AHR"), are considered to be active in this model. 

Allergic sheep which are shown to develop both early and late bronchial 
responses to inhaled Ascaris mum antigen are used to study the airway effects 
of the candidate compounds. Following topical anesthesia of the nasal 
passages with 2% iidoeaine, a balloon catheter is advanced dirough one 
nostril into the lower esophagus. The animals are men intubated with a 
cuffed endotracheal tube through the other nostril with a flexible fiberoptic 
bronchoscope as a guide. 

Pleural pressure is estimated according to Abraham (1994). Aerosols 
(see formulation below) are generated using a disposable medical nebulizer 
that provides an aerosol with a mass median aerodynamic diameter of 3.2 pm 
as detenrdned with an Andersen cascade impaetor. The nebulizer is 
connected to a dosimeter system consisting of a solenoid valve and a source 
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of compressed ait (20 psi). The wtipat of the nebulizer is directed into a 
plastic T-piece, one end of which is connected to the inspiratory port of a 
piston respirator. The solenoid valve is activated for i second at the 
beginning of the inspiratory cycle of the respirator. Aerosols are delivered at 
V T of 500 ml and a rate of 20 breaths/minute. A 0.5 % sodium bicarbonate 
solution only is used as a control. 

To assess bronchial responsiveness, cumulative concentration-response 
curves to carbachol can be generated according to Abraham (1.994). 
Bronchial biopsies can be taken prior to and following the initiation Of 
treatment and 24 hours after antigen challenge. Bronchial biopsies can be 
preformed according to Abraham (1994). 

An in vitro adhesion study of alveolar macrophages can also be 
performed according to Abraham (1994), and a percentage of adherent cells is 
calculated. 

Aerosol Formulation 

A solution of the candidate compound in 0.5% sodium bicarbonate/saline 
(w/v) at a concentration of 30.0 nig/mL is prepared using the following 
procedure: 



JMiLniL 



Ingredient 


Gram/ 100.0 mL 


Final Concentration 


Sodium Bicarbonate 


0.5 g 




Saline 


q.s. ad 100.0 mL 


q.s. ad 100% 
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5 Procedure: 

1. Add Q,5g sodium bicarbonate into a 100 mL volumetric flask. 

2. Add approximately 90.0 mL saline and sonicate until dissolved. 

3. Q.S. to 100.0 mL with saline and mix thoroughly. 

10 g, „„Prep,aiation,Qf 3Q.Q qigM^adi^ 



Ingredient 


Gram / 10,0 mL 


Final Concentration 


Candidate Compound 


0.300 g 


30.0 mg/raL 


0.5% Sodium 
Bicarbonate / Saline 
Stock Solution 


q.s. ad 10.0 mL 


q.s ad 100% 



Procedure; 

1 . Add 0.300 g of die candidate compound into a 10.0 mL . 
20 volumetric flask. 

2. Add approximately 9.7 mL of 0.5% sodium bicarbonate / saline 
stock solution. 

3. Sonicate until the candidate compound is completely dissolved. 

4. Q.S. to 10.0 mL with 0.5% sodium bicarbonate / saline stock 
2 5 solution and mix thoroughly , 

Using a conventional oral formulation, compounds of this invention 
would be active in this model. 

30 Example E 

Allograft Model 



3S 



Allograft rejection, associated with infiltration of inflammatory ceils, is 
the leading obstacle to long-term allograft survival. Cell surface adhesion 
molecules facilitate ailoantigen recognition in vitro and may be critical for 
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lymphocyte traffic in vivo. The following describes a model which can be 
used to study the in vivo effects of the compounds of this invention in the 
control of allograft rejection. 

The following procedures are described in Coito et ah, Transpkmtmion 
(1998) 65<6):699-706 and in Korom et aL s Transplantation (1998) 65('6):854- 
859, both of which are incorporated by reference in their entirety. 

Following the procedures described in Coito and Korom, male adult rate 
weighing approximately 200 - 250 g are used in this model. Lewis rats are 
used as the recipients of cardiac I (grafts from Lewis X Brown Norway rats. 
Hearts are transplanted into the abdominal great vessels using standard 
microvascular techniques. 

A candidate compound is administered to fee transplant recipient in a 
suitable pharmaceutical carrier for a 7-day course of treatment starting the 
day of the engrafmient Doses range from 0.3 to 30 mg/kg/day. Control 
recipients receive the pharmaceutical carrier only. The rats are euthanized 
and their cardiac allografts are analyzed as described in Coito and Korom, 

Using conventional formulations, compounds of this invention would be 
active in this model. 
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WHAT IS CLAIMED IS: 

I , A compound (la) or (lb): 




(la) (lb) 

wherein: 

Ar 1 is an aryl, heteroaryl, eycloalkyl, or heterocyclic group wherein said 
aryl, heteroaryl, eycloalkyl, or heterocyclic group is optionally substituted, 
on any ring atom capable of substitution, with 1-3 substituents selected from 
the group consisting of alky], substituted alkyh alkoxy, substituted alkoxy, 
aeyl, acyiamino, thiocarbonylarnino, acyloxy, amino, substituted amino, 
amidino, alkyl amidino, thioamidino, aminoacyl, anunocarbortylara?no : 
anunoMocarbonylaraioo, arahwcarbonyloxy, aryl, substituted aryl, aryloxy, 
substituted aryloxy, aryloxyaryl, substituted aryloxyaryl, cyano, halogen, 
hydroxy!, rdtro, oxo, carboxyl, eycloalkyi, substituted cyc0aifcyl, guamdioo, 
guanidiuosulfone, thiol, thioalkyl, substituted thioalkyl, thioatyl, substituted 
thioaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheteroaryl, substituted 
tbioheteroaryl, fhioheterocyclic, substituted thioheterocyclic, heteroaryl, 
substituted heteroaryl, heterocyclic, substituted heterocyclic, cycloalkoxy, 
substituted cycloalkoxy, heteroaryloxy, substituted heteroaryloxy , 
heterocyclyloxy, substituted heteroeyclyloxy, oxycarbonylamko, 
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oxythiocarbQnylamino, ^S(0) 2 -aikyl s -OS(0) r sabstimted alkyl, -OS(G) r 
aryl -OS(0) 2 -substitoted aryl, -OS{0) r heteroaryl, OS{0) r s«bstituted 
heteroaryl, -OS(0) r iieterocyclic, ~OS(0) 2 -substituted heterocyclic, -OSO r 
NRR where each R is independently hydrogen or alkyl, -NRS(0) 2 -alkyI, - 
NRS(0) r substituted alkyl, ~NRS(0> 2 ~aryl, -NRS(G) r substituted aryl, - 
NRS{0) r heteroaryl ; -NRS(0) r substituted heteroaryl, -NRSCOVbeterocyclic, 
-NRS(0> r substituted heterocyclic, -NRS(0) 2 -NR-alkyl, -NRS(0> 2 -MR- 
substituted alkyl, -NRS{0) r NR-aryl, -NRSCO^-NR-snhstituted aryl, - 
NRS(0) r NR-heteroaiyl, -NRS(0) 2 -NR-subsdtutcd heteroaryl, -NRS(0) 2 -NR- 
heterocyclic, -NRS(0) r NR-substituted heterocyclic where R is hydrogen or 
alkyl, -N[S(0) r R'] 2 and -N[S<0) 2 -NR'], where each R' is independently 
selected from die group consisting of alkyl, substituted alkyl, aryl, substituted 
aryl, heteroaryl, substituted heteroaryl, heterocyclic and substituted 
heterocyclic; 

R l is selected from the group consisting of hydrogen, alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cyeloalkenyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, heterocyclic and substituted heterocyclic; 

At 2 is an aryl or heteroaryl group optionally substituted, in addition to 
ring B or C, with one or two substituent(s) selected from tlie group consisting 
of hydrogen, halogen, hydroxy, alkoxy, substituted alkoxy, acytoxy, amino, 
alkylaraino, substituted alkylamino, dialkylaraino, substituted dialkylammo, 
acylamino, aminoacyl, N-acyi-N-aikylamino, substituted N-acyl-N- 
alkylamino, (alkyisulfonyOarnino, substituted (alkylsulfonyl}ammo 5 N- 
(alkylsulfbnyl)-N -alkylamino, aibstifoted N-(alkylsuIfonyl)-N-alkylamino, 
alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted 
alkenyl, cyeloalkenyl, substituted cyeloalkenyl, alkynyl, substituted alkynyl, 
cyano, acyl, substituted acyl, carboxy, substituted earboxy, thiol, alkylthio, 
substituted alkylthio, alkylsulfbxy, substituted alkylsulfoxy, alkylsulfonyl, and 
substituted alkylsulfonyl; 
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Z is -( >- or ~S~; 

B is a group wherein W, together with -C{=Z)NR 2 ~, forms a saturated or 
unsaturated heterocyclic group containing 2 to 5 carbon atoms and 0 to 4 
additional heteroatoms selected from the group consisting of nitrogen, 
oxygen, and -SG a ~ (where n is 0 to 2) wherein said saturated or unsaturated 
heterocyclic group is optionally fused with one or two ring(s) structures 
selected from the group consisting of cycloalkyi, cyeloaikenyl, heterocyclic, 
aryl and heteroaryl group to form a hi- or tri-fused ring system and further 
wherein said heterocyclic group and each of such ring structures are 
optionally substituted with 1 to 3 substitueuts selected from the group 
consisting of with one or two substituent(s) selected from the group consisting 
of hydrogen, halogen, hydroxy, alkoxy, substituted alkoxy, acyloxy, 
substituted acyloxy, amino, alkylamino, substituted alkylamino, dialkylami.no, 
substituted dialkylamino, acylammo, substituted acylamino, N'-acyl-N- 
alkylamino, substituted N-acyl-N-alkylamino, alkyiene dioxy, 
(alkylsulfonyl)amino, substimted (alkylsulfonyl)amino, N-(alkylsuUbnyI)-N- 
alkylamino, substimted N-(alkylsulfonyl)-N-alkylammo, alkyl, substituted 
alkyl, cycloalkyi substituted cycloalkyi alkenyl substimted alkenyl, 
cyeloaikenyl substimted cyeloaikenyl, alkynyl, substituted alkynyl, cyano, 
acyl substimted acyl carboxy, substimted carboxy, mtro, thiol, alkyithio, 
substimted alkyithio, alkylsulfoxy, substimted alkylsulfoxy, alkyisulfonyl 
substituted alkyisulfonyl aryl, substituted aryl, heteroaryl substituted 
heteroaryl; 

R 2 is selected from die group consisting of alkyl, substituted alkyl, aryl 
substituted aryl heteroaryl substimted heteroaryl, cycloalkyi substituted 
cycloalkyi, cyeloaikenyl, and substituted cyeloaikenyl; 

C is a group wherein W\ together with -C(~Z)N-, forms a saturated or 
unsaturated heterocyclic group containing 2 to 5 carbon atoms and 0 to 4 
additional heteroatoms selected from the group consisting of nitrogen, 
oxygen, and ~S0 8 - (where n is 0 to 2) wherein said saturated or unsaturated 
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heterocyclic group is optionally fused with one or two rrag{s) structures 
selected from the group consisting of cycloalkyl, cycloalkenyl, heterocyclic, 
aryl and Iieteroaryi group to form a bi- or tri-fused ring system and further 
wherein said heterocyclic group and each of such ring structures are 
optio il 1 * l t o i i i if nibstilueri t d from th roi 
consisting of wnh one or two substiruent(s) selected from the group consisting 
of hydrogen, halogen, hydroxy, alkoxy, substituted alkoxy, alkylenedioxy, 
acyloxy, substituted acyloxy, amino, alkylaniino, substituted alkylaniino, 
dialkylammo, substituted diaikyiammo, acyiammo, substituted acylamino, N- 
acyl~N~alkylamino, substituted N-acyl-N-alkylainino, {alkylsulfonyl}amino, 
substituted (alkylsulfonyl)amino, N-(aIk>dsulfbnyi)-N-alkylainino, substituted 
N-(alkyisulfonyl)-N-aIIcy lamino , allcyl, substituted alkyl, cycloalkyl, 
substituted cycloalkyl, alkenyl, substituted alkenyl, cycloalkenyl, substituted 
cycloalkenyl, alkyayl, substituted alkynyl, cyano, nitro, acyl, substituted 
acyl, carboxy, substituted carboxy, thiol, alkylthio, substituted alkylthio, 
alkylsulfbxy, substituted alkylsulfoxy, alkylsuifonyl, substituted aikylsulfonyl 
aryl, substituted aryl, Iieteroaryi, substituted heteroaryl; 

X is selected from the group consisting of hydroxyl, alkoxy, 
substituted alkoxy, alkeuoxy, substituted alkenoxy, cycloalkoxy, substituted 
cycloalkoxy, eycloalkenoxy, substituted cycloalkenoxy, aryloxy, substituted 
aryloxy, heteroaryloxy, substituted heteroaryloxy, heterocyclyloxy, 
substituted heterocyclyloxy and ~NR"R" where each R" is independently 
selected from the group consisting of hydrogen, alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, cycloalkyl, substituted cycloalkyl, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and 
substituted heterocyclic; 

and enantiomers, diasteromers and pbarmaceutically acceptable salts 
thereof; 

and further wherein the compound of Formula I has a binding affinity to 
YLA-4 as expressed by aa IC^ of about 15jtM or less. 
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2, The compound of Claim 1 wherein $a} f B is a group wherein W, 
together with -C(=Z)NR 2 - where 2 is -0-, forms an unsaturated heterocyclic 
group containing 2 to 4 carbon atoms and 0 to 2 additional nitrogen atoms 
and farther the wherein the unsaturated heterocyclic group is optionally 
substituted, in addition to the R z group, with 1 or 2 substituents selected from 
the group consisting of alky!, alkoxy, substituted alkoxy, alkenyloxy, 
substituted alkenyloxy, halo, hydroxy, mono or dialkylamino. 

3. The compound of Claim 1 wherein 8 is 2-pyridon-3~yi, 2-pyridon-4~yl, 
or 6-pyrraiidon-5-yl that is optionally substituted, in addition to the R 2 group, 
with 1 or 2 substituents selected from die group consisting of alkyl, alkoxy, 
substituted alkoxy, alkenyloxy, substituted alkenyloxy, halo, hydroxy, mono 
or dialkylarnino. 

4, The compound of Claim 1 wherein B is a group wherein W, together 
with -C{~Z)NR 2 - where Z is -O-, forms a saturated or unsaturated 
heterocyclic group containing 2 to 4 carbon atoms and 0 to 2 additional 
nitrogen atoms wherein said saturated or unsaturated heterocyclic group is 
fused to a heterocyclic ring selected from the group consisting of dioxolane, 
di ' me, homodioxane, oxetane, tetrahydrofuran, dihydropyran, farm, 
oxazohdiue, oxazole, isoxazoie, oxazolidmoiie, oxathiolane, and 1,3- 
dioxolan-2-one and wherein the resulting fused ring is optionally substituted, 
in addition to the R 2 group, on any ring atom capable of substitution with 1 or 
2 substituents selected from, the group consisting of alkyl, alkoxy, substituted 
alkoxy, alkeuyloxy, substituted alkenyloxy, halo, hydroxy, mono or 
dialkylarnino. 

5. The compound of Claim 1 wherein B is 2-pyridone or 6-pyriiaidons that 
is fused to a heterocyclic ring selected from die group consisting of 
dioxolane, dioxane, homodioxane, oxetane, tenmhydromtan, dihydropyran. 
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fhran, oxazolidme, oxazole, isoxazole, oxazolidmone, oxatiiiolane, and 1,3- 
dioxolan-2*ane s and wherein the resulting fused ring is optionally substituted, 
in addition to the R 2 group, on any ring atom capable of substitution wife 1 or 
2 substifttents selected from the group consisting of alkyl, a&oxy, substituted 
alkoxy, alkenyloxy, substituted alkenyloxy, halo, hydroxy, mono or 
dialkyiamino. 

6. The compound of Claim 1 wherein Ar is heteroaryi optionally 
substituted with 1 to 3 substitueats selected from the group consisting of 
alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino, substituted amino, 
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryi, 
substituted heteroaryi, heterocyclic, substituted heterocyclic and halogen. 

7. The compound of Claim 6 wherein Ar 1 is l-oxo-.l,2,5-thiadiazole, 1,1- 
dioxo-l;2 ? 54hiadiazole, pyridazme, pyrimidine or pyrazine ring which is 
optionally substituted with 1 to 3 substituents selected from die group 
consisting of alkyl, substituted alkyl alkoxy, substituted alkoxy, amino, 
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, 
heteroaryi, substituted heteroaryi, heterocyclic, substituted heterocyclic and 
halogen. 

8. The compound of Claim 2 to 7 wherein Ar 2 is phenyl. 

9. The compound of Claim 1 to 7 wherein X is hydroxyl and R' 1 is 
hydrogen. 

10. The compound of Claim 8 wherein X is hydroxy! and R ! is hydrogen. 

1 1. The compound of Claim 1 wherein the compound has formula Ha, lib, 
He, Hd, or He: 
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Hd 




He 

wherein 

X is hydroxy! or aikoxy; 

Ar a is an aryl or heteroaryl group optionally substituted, in addition to 
ring B or C, with one or two siibstitueat(s) selected from the group consisting 
of hydrogen, halogen, hydroxy, aikoxy, substituted aikoxy, acyloxy, 
substituted acyloxy, amino, alkylanaiao, substituted alkylamino, dialkylammo, 
substituted dialkylamino, acylanii.no, substituted acylaruino, N-aeyl-N- 
alkylamiao, substituted N-acyi-N-all^lanruio, (alkylsuifonyl)amino, 
substituted (alkylsuifbityi)amino, N-(ali^lsulfottyl)--H-alkylamino t substituted 
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N-(alkylsulfonyl)-N-alkyIainino, alkyl, substituted alkyl, cycloalkyl, 
substituted cycloaUcyl, aikenyl, substituted aikenyl, eycloaikeriyl, substituted 
cycloalkenyl, alkynyl, substituted alkyayl, cyano, acyi, substituted acyi, 
carboxy, substituted carboxy, thiol, aDryltliio, substituted alkyltbio, 
alkylsuifoxy, substituted alkylsuifoxy, alkylsulfonyl, and substituted 
alkylsulfonyl; 

R 5 is selected from the group consisting of alkyl, substituted alfcyl, 
aikenyl, substituted aikenyi, aryl, substituted aryl, cycloalkyl, substituted 
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heterocyclic, substituted 
heteroeylic, heteroaryl acd substituted heteroaryl; 

R 5 is selected from the group consisting of hydrogen, alkyl, substituted 
alkyl, cycloaikyl, substituted cycloalkyl, cycloalkenyl, substituted 
cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, and -SOjR ,c where R 10 is selected from the 
group consisting of alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl. substituted cycloalkenyl, heterocyclic, substituted heterocyclic, 
aryl, substituted aryl, heteroaryl, substituted heteroaryl; 

R 7 and R 8 are independently selected from the group consisting of 
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, 
substituted aryl, heteroaryl, substituted beteroaryl, heterocyclic, substituted 
heterocyclic and halogen; 

R 16 and R 17 are independently selected from the group consisting of 
hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy, amino, 
substituted amino, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl 
heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic and 
halogen; and 

R 18 is selected from the group consisting of alkyl, substituted alkyl, 
alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyl, substituted 
cycloaikyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
heterocyclic and substituted heterocyclic; 
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5 R 20 is selected from the group consisting of hydrogen, alkyl, substituted 

alky!, alkoxy, substituted alkoxy, cycloalkyi, substituted cycloalkyi, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted 
heterocyclic and halogen; 

R 21 is selected from the group consisting of alkyl, substituted alkyl, 
10 alkoxy, substituted alkoxy, amino, substituted amino, cycloalkyi, substituted 

cycloalkyi, aryl, substituted atyl, heterocyclic and substituted heterocyclic; 
b is I or 2; and 

B is a group wherein W, together with ~C(-Z)RR 2 ~ } forms a saturated or 
unsaturated heterocyclic group containing 2 to 5 carbon atoms and 0 to 4 

15 additional heteroatoms selected from the group consisting of nitrogen, 

oxygen, and -SO a ~ (where n is 0 to 2) wherein said saturated or unsaturated 
heterocyclic group is optionally fused with one or two ring(s) structures 
selected from die group consisting of cycloalkyi, eycloalkenyl, heterocyclic, 
aryl and heteroaryl group to form a bi- or tri-fused ring system and further 

2 0 wherein said heterocyclic group and each of such ring structures are 

optionally substituted with 1 to 3 substituents selected from the group 
consisting of with one or two substituent(s) selected from the group consisting 
of hydrogen, halogen, hydroxy, alkoxy, substituted alkoxy, aeyloxy, 
substituted aeyloxy, amino, alkylamino, substituted aikylamino, diaikylamino, 

25 substituted dialkyiamino, acyiamino, substituted acyiamino, N-acyl-N- 

alkykunino, substituted N-acyl-N-alkyl amino, alkylene dioxy, 
(alkylsulfonyl)ami.uo, substituted (alkylsulfonyl)amino, N-(alkylsulfonyl)-N- 
alkylamino, substituted N-(alk> ! lsulfonyl)-N-aikyIamino, alkyl, substituted 
alkyl, cycloalkyi, substituted cycloalkyi, alfcenyl, substituted aikeayt, 

30 eycloalkenyl, substituted eycloalkenyl, alkynyl, substituted alkynyl, cyano, 

aeyl, substituted acyl, carboxy, substituted carboxy, nitro, thiol, alkyitMo, 
substituted alkylthio, alkylsulfoxy, substituted alkylsulfoxy, alkylsulfonyl, 
substituted alfcylsu fenyl, aryl, substimted aryl, heteroaryl, substituted 
heteroaryl; 
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R z is selected from the group consisting of aJkyl, substituted aikyl, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, eyeloalkyL substituted 
cycloalkyl, cycloalkenyL and substituted eycloalkenyl; and 

and enantiomers, diastereoniers and pharmaceutical!;? acceptable salts 
thereof. 

12. The compound of Claim 1 1 wherein the compound is selected from 
formula He, Hd or He. 

13. The compound of Claim li wherein B is a group wherein W. together 
with -C(=Z)NR 2 ~ where Z is ~G~, forms an unsaturated heterocyclic group 
containing 2 to 4 carbon atoms and 0 to 2 additional nitrogen atoms and 
further the wherein the unsaturated heterocyclic group is optionally 
substituted, in addition to tire R 2 group, with 1 or 2 substitueats selected from 
the group consisting of aikyl, aikoxy, substituted aikoxy, alkenyloxy, 
substituted alkenyloxy, haio t hydroxy, mono or dialkylaraino. 

14. The compound of Claim 13 wherein B is 2-pyridon-3-yt } 2-pyridon-4-yl, 
or 6-pyriniidon-5-yl that is optionally substituted, in addition to the R 2 group, 
with 1 or 2 substituents selected from the group consisting of aikyl, aikoxy, 
substituted aikoxy, alkenyloxy, substituted alkenyloxy, halo, hydroxy, mono 
or dialkylaroino. 

15. The compound of Claim 11 wherein B is a group wherein W, together 
with -C(=Z)NR 2 - where Z is ~<K forms a saturated or unsaturated 
heterocyclic group containing 2 to 4 carbon atoms and 0 to 2 additional 
nitrogen atoms wherein said saturated or unsaturated heterocyclic group is 
fused to a heterocyclic ring selected from the group consisting of dioxolane, 
dioxane, homodioxane, oxetane, tetrahydrofuran, dihydropyran, furan, 
oxazolidine, oxazole, Isoxazole, oxazohdinone, oxathiolane, and 1,3- 
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5 dioxoIan-2-one and wherein the resulting fused ring is optionally substituted, 

in addition to die R 2 group, on any ring atom capable of substitution with 1 or 
2 substituents selected from the group consisting of alkyl, aikoxy, substituted 
alkoxy, alkenyloxy, substituted alkenyloxy, halo, hydroxy, mono or 
dialkylamino. 

IG 

16. The compound of Claim 15 wherein B is 2-pyridone or 6-pyriraidone that 
is fused to a heterocyclic ring selected from the group consisting of 
dioxolane, dioxane, homodioxane, oxetane, tetrahydrofuran, dihydropyran, 
furan, oxazoMine, oxazoie, isoxazole, oxazolidinone, oxathiolane, and 1,3- 

15 dioxolan-2-one, and wherein the resulting fused ring is optionally substituted, 

in addition to the R 2 group, on any ring atom capable of substitution with 1 or 
2 sufastituents selected from the group consisting of alkyl, alkoxy, substituted 
alkoxy, alkenyloxy, substituted alkenyloxy, halo, hydroxy, mono or 
dialkylanirao. 

20 

17. The compound of Claim 11 to 16 wherein Ar 2 is phenyl. 

18. The compound of Claim 11 to 16 wherein X is hydroxy! and R' is 
hydrogen. 

25 

19. The compound of Claim IS wherein X is hydroxyl and R J is hydrogen, 

20. A method for treating a disease mediated by VLA-4 in a patient, which 
method, comprises administering a pharmaceutical composition comprising a 

3 0 pharmacenticaliy acceptable carrier and a therapeutically effective amount of 

a compound of Claims 1 to 19. 



21. A pharmaceutical composition comprising a pharmaeeuticaliy acceptable 
carrier and a therapeuticaliy effective amount of a compound of Claims 1-19. 



